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$EVWUDFW�� ,Q�RXU�VWDWLVWLFDO�SUDFWLFH��ZH�HFRORJLVWV�ZRUN�FRPIRUWDEO\�ZLWKLQ�WKH�K\��
SRWKHWLFR�GHGXFWLYH�HSLVWHPRORJ\�RI�3RSSHU�DQG�WKH�IUHTXHQWLVW�VWDWLVWLFDO�PHWKRGRORJ\�RI�
)LVKHU��&RQVHTXHQWO\��RXU�QXOO�K\SRWKHVHV�GR�QRW�RIWHQ�WDNH�LQWR�DFFRXQW�SUH�H[LVWLQJ�GDWD�
DQG�GR�QRW�UHTXLUH�SDUDPHWHUL]DWLRQ��RXU�H[SHULPHQWV�GHPDQG�ODUJH�VDPSOH�VL]HV��DQG�ZH�
UDUHO\�XVH�UHVXOWV�IURP�RQH�H[SHULPHQW�WR�SUHGLFW�WKH�RXWFRPHV�RI�IXWXUH�H[SHULPHQWV��
&RPSDUDWLYH�VWDWLVWLFDO�VWDWHPHQWV�VXFK�DV��ZH�UHMHFW�WKH�QXOO�K\SRWKHVLV�DW�WKH������OHYHO���
ZKLFK�UHIOHFW�WKH�OLNHOLKRRG�RI�RXU�GDWD�JLYHQ�RXU�K\SRWKHVLV��DUH�RI�OLWWOH�XVH�LQ�FRPPX��
QLFDWLQJ�RXU�UHVXOWV�WR�QRQVSHFLDOLVWV�RU�LQ�GHVFULELQJ�WKH�GHJUHH�RI�FHUWLWXGH�ZH�KDYH�LQ�
RXU�FRQFOXVLRQV��,Q�FRQWUDVW��%D\HVLDQ�VWDWLVWLFDO�LQIHUHQFH�UHTXLUHV�WKH�H[SOLFLW�DVVLJQPHQW�
RI�SULRU�SUREDELOLWLHV��EDVHG�RQ�H[LVWLQJ�LQIRUPDWLRQ��WR�WKH�RXWFRPHV�RI�H[SHULPHQWV��6XFK�
DQ�DVVLJQPHQW�IRUFHV�WKH�SDUDPHWHUL]DWLRQ�RI�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV��7KH�UHVXOWV�
RI�WKHVH�H[SHULPHQWV��UHJDUGOHVV�RI�VDPSOH�VL]H��WKHQ�FDQ�EH�XVHG�WR�FRPSXWH�SRVWHULRU�
SUREDELOLWLHV�RI�RXU�K\SRWKHVHV�JLYHQ�WKH�DYDLODEOH�GDWD��,QIHUHQWLDO�FRQFOXVLRQV�LQ�D�%D\��
HVLDQ�PRGH�DOVR�DUH�PRUH�PHDQLQJIXO�LQ�HQYLURQPHQWDO�SROLF\�GLVFXVVLRQV��H�J����RXU�H[��
SHULPHQWV�LQGLFDWH�WKDW�WKHUH�LV�D�����SUREDELOLW\�WKDW�DFLG�GHSRVLWLRQ�ZLOO�DIIHFW�QRUWKHDVWHUQ�
FRQLIHU�IRUHVWV���%DVHG�RQ�FRPSDULVRQV�ZLWK�FXUUHQW�VWDWLVWLFDO�SUDFWLFH�LQ�HFRORJ\��,�DUJXH�
WKDW�D��%D\HVLDQ�HFRORJ\��ZRXOG��D��PDNH�EHWWHU�XVH�RI�SUH�H[LVWLQJ�GDWD���E��DOORZ�VWURQJHU�
FRQFOXVLRQV�WR�EH�GUDZQ�IURP�ODUJH�VFDOH�H[SHULPHQWV�ZLWK�IHZ�UHSOLFDWHV��DQG��F��EH�PRUH�
UHOHYDQW�WR�HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ��

.H\�ZRUGV�� %D\HVLDQ�LQIHUHQFH��GHFLVLRQ�DQDO\VLV��HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ��HSLVWHPRORJ\��
SUREDELOLW\��VWDWLVWLFDO�HUURUV��XQFHUWDLQW\��
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2Q�WKH�ZKROH��JHQHUDO�HFRORJLFDO�WKHRU\�KDV��VR�IDU��
EHHQ�DEOH�WR�SURYLGH�QHLWKHU�WKH�ODUJHO\�GHVFULSWLYH��
VFLHQWLILF�FRQFOXVLRQV�RIWHQ�QHFHVVDU\�IRU�FRQVHUYD��
WLRQ�GHFLVLRQV��QRU�WKH�QRUPDWLYH�EDVLV�IRU�SROLF\���
6KUDGHU�)UHFKHWWH�DQG�0F&R\������

(FRORJLVWV�DUH�LQ�WKH�PLGVW�RI�DQ�LQWURVSHFWLYH�SHULRG�
LQ�ZKLFK�ZH�DUH�TXHVWLRQLQJ�LQWHQVLYHO\�WKH�WKHRUHWLFDO�
XQGHUSLQQLQJV��XWLOLW\��SUHGLFWLYH�DELOLW\��DQG�HSLVWH��
PRORJLFDO�IRXQGDWLRQV�RI�HFRORJ\��H�J���3HWHUV��������
6HULRXV�GRXEWV�KDYH�EHHQ�UDLVHG�DERXW�WKH�XWLOLW\�RI�
DEVWUDFW��JHQHUDO�WKHRULHV�WKDW�KDYH�EHHQ�VKRZQ�UH��
SHDWHGO\�WR�KDYH�OLWWOH�SUHGLFWLYH�YDOXH�LQ�ILHOG�RU�ODE��
RUDWRU\�VLWXDWLRQV��:HLQHU��������$Q�DOWHUQDWLYH��ERW��
WRP�XS��DSSURDFK��DFFXPXODWLQJ�D�VXFFHVVLRQ�RI�FDVH�
VWXGLHV�IURP�ZKLFK�JHQHUDO�FRQFOXVLRQV�PD\�EH�GH��
ULYHG��KDV�EHHQ�DGYRFDWHG�E\�6KUDGHU�)UHFKHWWH�DQG�
0F&R\���������7KH�XVH�RI�PHWD�DQDO\VLV�WR�V\QWKHVL]H�
ODUJH�QXPEHUV�RI�FDVH�VWXGLHV��*XUHYLWFK�HW�DO��������
*XUHYLWFK�DQG�+HGJHV�������:DUZLFN�DQG�&ODUNH�������
$UQTYLVW�DQG�:RRVWHU�������FDQ�LGHQWLI\�FRPPRQ�SUR��
FHVVHV�WKDW�KDYH�RFFXUUHG�XQGHU�GLVSDUDWH�FRQGLWLRQV��

EXW�LW�FDQQRW�EH�XVHG�WR�SUHGLFW�WKH�OLNHOLKRRG�RI�RF��
FXUUHQFH�RI�WKRVH�SURFHVVHV�LQ�RWKHU��XQUHODWHG�VLWXD��
WLRQV��,Q�DGGLWLRQ��D�ERWWRP�XS��LQGXFWLYLVW�DSSURDFK�
PD\�XQGHUPLQH�HFRORJ\
V�FODLP�WR�EH�D�WUXO\�VFLHQWLILF�
HQGHDYRU��3RSSHU�������3HWHUV��������
7KHVH�GRXEWV�DUH�QRW�QHZ�WR�RXU�GLVFLSOLQH��FULWLFDO�

VHOI�H[DPLQDWLRQ�KDV�RFFXUUHG�UHSHDWHGO\�VLQFH�HFRORJ\�
HPHUJHG�DV�D� VFLHQFH�LQ�WKH�ODWH���WK�FHQWXU\��H�J���
.LQJVODQG�������0F,QWRVK��������+RZHYHU��WKH�FXUUHQW�
HSLVRGH�RI�UHIOHFWLRQ�FRLQFLGHV�ZLWK�D�UDSLGO\�JURZLQJ�
DZDUHQHVV�RI�ORFDO��UHJLRQDO��DQG�JOREDO�HQYLURQPHQWDO�
SUREOHPV��(FRORJLVWV�FDQ�DQG�LQFUHDVLQJO\�DUH�H[SHFWHG�
WR�HVWLPDWH�WKH�PDJQLWXGH�RI�UHVSRQVHV�RI�SRSXODWLRQV��
FRPPXQLWLHV��DQG�HFRV\VWHPV�WR�DQWKURSRJHQLF�VWUHV��
VRUV��WR�IRUPXODWH�H[SHULPHQWV�WR�H[DPLQH�SRWHQWLDO�DQG�
DFWXDO�HQYLURQPHQWDO�LPSDFWV��DQG�WR�GHVLJQ�DQG�LP��
SOHPHQW�VWUDWHJLHV�WR�DPHOLRUDWH�WKHVH�LPSDFWV��H�J���
+ROOLQJ�������2ULDQV�HW�DO�� ������/XEFKHQFR�HW�DO��
������6KUDGHU�)UHFKHWWH�DQG�0F&R\�������+XHQQHNH�
������8QGHUZRRG��������+RZHYHU��WKH�FRXQVHO�RI�HFRO��
RJLVWV�ZLOO�EH�FRQVLGHUHG�RQO\�LI�LW�LV�SHUFHLYHG�E\�
GHFLVLRQ�PDNHUV�DV� VFLHQWLILFDOO\�DFFXUDWH�DQG�OHJLWL��
PDWH��DQG�LI�LW�LV�FRPPXQLFDWHG�LQWHOOLJLEO\�DQG�PHDQ��
LQJIXOO\��)HZ�GHFLVLRQ�PDNHUV�DUH��RU�KDYH�EHHQ��SUDF��
WLFLQJ�HFRORJLVWV��DQG� WKH\�FDQQRW�EH� H[SHFWHG�WR�
LQWHUSUHW�FRQFOXVLRQV�SUHVHQWHG�LQ�WHFKQLFDO�MDUJRQ��
%D\HVLDQ�VWDWLVWLFDO�LQIHUHQFH�FDQ�EH�XVHG�WR�HVWLPDWH�

,�0DQXVFULSW�UHFHLYHG����$XJXVW�������UHYLVHG����'HFHP��
EHU�������DFFHSWHG����-DQXDU\�������

�� )RU�UHSULQWV�RI�WKLV�JURXS�RI�SDSHUV�RQ�%D\HVLDQ�LQIHUHQFH��
VHH�IRRWQRWH����S��������
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HFRORJLFDOO\�PHDQLQJIXO�SDUDPHWHUV�DQG�SURYLGHV�DQ�
H[SOLFLW�H[SUHVVLRQ�RI�WKH�DPRXQW�RI�XQFHUWDLQW\�LQ�
WKHVH�SDUDPHWHU�HVWLPDWHV��6LQFH�%D\HVLDQ�LQIHUHQFH�
UHTXLUHV�WKH�LQYHVWLJDWRU�WR�XVH�SUH�H[LVWLQJ�GDWD�WR�GH��
YHORS�TXDQWLWDWLYH��SUREDELOLVWLF��DQG�SDUDPHWHUL]HG�K\��
SRWKHVHV��%D\HVLDQ�K\SRWKHVLV�WHVWLQJ��GHFLVLRQ�DQDO��
\VLV��LQHYLWDEO\�ZLOO�OHDG�WR�WHVWDEOH�SUHGLFWLRQV��DQG�
SHUPLW�WKH�UDSLG�GHYHORSPHQW�DQG�UHILQHPHQW�RI�DSSOL��
FDEOH�WKHRU\��5HFHQW�GLVFXVVLRQV�RI�WKH�UHODWLYH�SUHI��
HUHQFH�IRU�7\SH�,�YV��7\SH�,,�VWDWLVWLFDO�HUURUV�LQ�SXUH�
DQG�DSSOLHG�HFRORJLFDO�FRQWH[WV��H�J���3HWHUPDQ�������
6KUDGHU�)UHFKHWWH�DQG�0F&R\�������0DSVWRQH�������
LOOXVWUDWH�WKDW�FRQFOXVLRQV�EDVHG�RQ�IDOVLILFDWLRQLVW�HSLV��
WHPRORJ\��3RSSHU�������6WURQJ�������DUH�RI�OLWWOH�XVH�
WR�GHFLVLRQ�PDNHUV��DQG�DOORZ�IRU�OLWWOH�IOH[LELOLW\�LQ�
G\QDPLF��FKDQJHDEOH�VLWXDWLRQV��+ROOLQJ� ������/HH�
�������,Q�FRQWUDVW��FRQFOXVLRQV�SUHVHQWHG�LQ�D�%D\HVLDQ�
IUDPHZRUN�FDQ�EH�XQGHUVWRRG�PRUH�HDVLO\�E\�GHFLVLRQ��
PDNHUV�DQG�E\�WKH�SXEOLF�DW�ODUJH��EHFDXVH�WKHVH�FRQ��
FOXVLRQV�DUH�SUHVHQWHG�LQ�FOHDU��IDPLOLDU�ODQJXDJH��
7KLV�SDSHU�LV�QRW�PHDQW�DV�D�FRPSOHWH�UHYLHZ�HLWKHU�

RI�HSLVWHPRORJLFDO�LVVXHV�LQ�HFRORJ\�RU�RI�%D\HVLDQ�
SDUDPHWHU�HVWLPDWLRQ�DQG�GHFLVLRQ�DQDO\VLV��5DWKHU��,�
ILUVW�VNHWFK�VRPH�GLIILFXOWLHV�ZLWK�WKH�ZD\�WKDW�ZH�LQIHU�
FRQFOXVLRQV�IURP�RXU�GDWD��7KHQ��,�EULHIO\�LOOXVWUDWH�WKDW�
%D\HVLDQ�LQIHUHQFH�FDQ�SURYLGH�DQ�DOWHUQDWLYH�VWDWLVWLFDO�
IUDPHZRUN�LQ�ZKLFK�WR�FRXFK�H[SHULPHQWDO�DQG�REVHU��
YDWLRQDO�GDWD��V\QWKHVL]H�H[LVWLQJ�LQIRUPDWLRQ��JHQHUDWH�
XVHIXO��DQG�SHUKDSV�QRYHO��HFRORJLFDO�WKHRU\��DQG�FRQ��
WULEXWH�WR�VRXQG�HQYLURQPHQWDO�SROLF\��5HDGHUV�LQWHU��
HVWHG�LQ�PRUH�FRPSOHWH�WUHDWPHQWV�RI�KLVWRULFDO�DQG�
HSLVWHPRORJLFDO�LVVXHV�LQ�HFRORJLFDO�WKRXJKW�FDQ�EHJLQ�
ZLWK�UHFHQW�ERRNV�E\�0F,QWRVK���������3HWHUV���������
DQG�6KUDGHU�)UHFKHWWH�DQG�0F&R\���������$FFHVVLEOH�
SUHVHQWDWLRQV�RI�%D\HVLDQ�WHFKQLTXHV�DQG�WKHLU�DSSOL��
FDELOLW\�WR�D�ZLGH�UDQJH�RI��SXUH��DQG��DSSOLHG�� VLW��
XDWLRQV�DUH�SURYLGHG�E\�*RRG���������,YHUVHQ���������
+RZVRQ�DQG�8UEDFK��������� DQG�.DVV� DQG�5DIWHU\�
��������7HFKQLFDO�LQWURGXFWLRQV�RI�%D\HVLDQ�LQIHUHQFH�
DUH�JLYHQ�E\�/LQGOH\��������� %R[� DQG�7LDR� ��������
*HLVVHU���������%HUQDUGR�DQG�6PLWK���������DQG�*HO��
PDQ�HW�DO����������7KH�DGGLWLRQDO�SDSHUV�LQ�WKLV�6SHFLDO�
)HDWXUH�SURYLGH�FRQFUHWH�H[DPSOHV�RI�WKH�XVH�RI�%D\��
HVLDQ�LQIHUHQFH�LQ�ERWK�HFRORJLFDO�UHVHDUFK�DQG�HQYL��
URQPHQWDO�GHFLVLRQ�PDNLQJ��/XGZLJ�������7D\ORU�HW�DO��
������9HU�+RHI�������:ROIVRQ�HW�DO���������2WKHU�H[��
DPSOHV�FDQ�EH�IRXQG�LQ�&DUSHQWHU��������� 5HFNKRZ�
�������� :DOWHUV�DQG�+ROOLQJ��������� 6RORZ� ��������
*XVWDIVRQ�DQG�)UDQNOLQ���������1LFKROVRQ�DQG�%DUU\�
��������DQG�5DIWHU\�HW�DO����������
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(FRORJ\�LV�WKH�VFLHQFH�ZKLFK�VD\V�ZKDW�HYHU\RQH�
NQRZV�LQ�ODQJXDJH�WKDW�QR�RQH�XQGHUVWDQGV��(OWRQ�
�����

$V�HFRORJLVWV��ZH�VWXG\�UHODWLRQVKLSV�EHWZHHQ�RU��
JDQLVPV�DQG�WKHLU�SK\VLFDO�DQG�ELRORJLFDO�HQYLURQPHQWV�
�H�J���3LDQND��������DQG�ZH�GHVFULEH�WKHVH�UHODWLRQVKLSV�
XVLQJ�WKH�ODQJXDJH�RI�VWDWLVWLFV��$Q\RQH�ZKR�KDV�WDXJKW�
LQWURGXFWRU\�HFRORJ\�SUREDEO\�ZRXOG�DWWHVW�WKDW�WKLV�
ODQJXDJH�FDQ�GLVWRUW�DQG�UHIUDFW�(OWRQ
V��TXDQWLWDWLYH�
QDWXUDO�KLVWRU\��LQ�VWUDQJH�DQG�XQSUHGLFWDEOH�ZD\V��,Q�
JHQHUDO��ZH�FDQ�LGHQWLI\�WZR�IXQGDPHQWDO�JRDOV�RI�DQ�
HFRORJLFDO�H[SHULPHQW��ZKHWKHU�GHVFULSWLYH�RU�PDQLS��
XODWLYH��SDUDPHWHU�HVWLPDWLRQ�DQG�K\SRWKHVLV�WHVWLQJ��
,Q�WKLV�DQG�WKH�IROORZLQJ�VHFWLRQ��,�GLVFXVV�IUHTXHQWLVW�
DQG�%D\HVLDQ�DSSURDFKHV�WR�WKHVH�JRDOV��

)UHTXHQWLVW�SDUDPHWHU�HVWLPDWLRQ�

*LYHQ�D�UDQGRP�VDPSOH�RI�Q�LQGLYLGXDOV�IURP�D�ODUJHU�
SRSXODWLRQ�H[SRVHG�WR�D�WUHDWPHQW��7���ZH�RIWHQ�FDO��
FXODWH�DQ�DYHUDJH�UHVSRQVH�YDOXH�RI�WKH�RUJDQLVP�WR�
WKH�WUHDWPHQW��7KLV�DYHUDJH�UHVSRQVH�YDOXH�XVXDOO\�LV�
UHSRUWHG�DV�WKH�PHDQ�YDOXH�RI�DOO�WKH�REVHUYDWLRQV��;�
 �O[O,Q��$VVXPLQJ�WKDW�RXU�GDWD��VXLWDEO\�WUDQVIRUPHG��
LI�QHFHVVDU\��DUH�D�UDQGRP�VDPSOH��WKLV�HVWLPDWH�RI�WKH�
PHDQ�LV�NQRZQ�WR�EH�DQ�XQELDVHG�HVWLPDWRU�RI�WKH�WUXH�
SRSXODWLRQ�PHDQ�>/��QR�PDWWHU�ZKDW�WKH�WUXH��YDOXH�RI�
S���(IURQ��������0RUH�SUHFLVHO\��LI�ZH�WRRN�DQ�LQILQLWH�
QXPEHU�RI�VDPSOHV�RI�VL]H�Q�IURP�WKLV�SRSXODWLRQ��DQG�
FDOFXODWHG�WKH�PHDQ�RI�HDFK�VDPSOH��WKH�H[SHFWHG�YDOXH�
�WKH�PHDQ��RI�WKHVH�PHDQV��(�;�� � >/��:H�VLPLODUO\�FDQ�
FDOFXODWH� WKH�VDPSOH� YDULDQFH� DV� ���  � ,�[�� ��;����Q� ��

����WKH�VDPSOH�VWDQGDUG�GHYLDWLRQ�V�  � ?���� DQG�WKH�
H[SHFWHG�VWDQGDUG�GHYLDWLRQ�(�V��  � VO?Q"�RI�WKH�H[��
SHFWHG�GLVWULEXWLRQ�RI�WKH�VHW�RI�UHSHDWHGO\�GHWHUPLQHG�
VDPSOH�PHDQV�^;`� �DOVR�NQRZQ�DV�WKH�VWDQGDUG�HUURU�
RI�WKH�PHDQ��V[���
$� FHQWUDO�DVVXPSWLRQ�XQGHUO\LQJ�FDOFXODWLRQV�RI�

WKHVH�DQG�RWKHU�FRPPRQO\�XVHG�VWDWLVWLFDO�SDUDPHWHUV�
LV�NQRZQ�DV� WKH�IUHTXHQWLVW�DVVXPSWLRQ��H�J���(IURQ�
�������WKHUH�LV�D�WUXH��IL[HG�YDOXH��IRU�HDFK�SDUDPHWHU�
RI�LQWHUHVW��DQG�WKH�H[SHFWHG�YDOXH�RI�WKLV�SDUDPHWHU�LV�
WKH�DYHUDJH�YDOXH�REWDLQHG�E\�UDQGRP�VDPSOLQJ�UH��
SHDWHG�DG�LQILQLWXP��7DEOH�����)URP�DQ�HFRORJLFDO�SHU��
VSHFWLYH��WKHUH�DUH�PDQ\�GLIILFXOWLHV�ZLWK�WKLV�DVVXPS��
WLRQ��:LWKLQ�H[SHULPHQWV��WUXH�UDQGRPL]DWLRQ�LV�GLIIL��
FXOW��UHSOLFDWLRQ�LV�RIWHQ�VPDOO��PLVLGHQWLILHG��+XUOEHUW�
�������RU�E\�YLUWXH�RI�FLUFXPVWDQFH��QRQH[LVWHQW��H�J���
&DUSHQWHU�������5HFNKRZ��������(FRORJLFDO� H[SHUL��
PHQWV�UDUHO\�DUH�UHSHDWHG�LQGHSHQGHQWO\��1R�WZR�RU��
JDQLVPV�DUH�H[DFWO\�DOLNH��DQG�FRQVHTXHQWO\�WKH\�DUH�
XQOLNHO\�WR�UHVSRQG�WR�RXU�WUHDWPHQW�LQ�H[DFWO\�WKH�VDPH�
ZD\��(YROXWLRQ�YLUWXDOO\�JXDUDQWHHV�WKDW�HYHQ�LI�WKH\�
ZHUH�DOLNH�WRGD\��WKHLU�RIIVSULQJ�ZLOO�EH�PHDVXUDEO\�
GLIIHUHQW��7KXV��WKH�LGHD�WKDW�WKHUH�LV�D�WUXH��IL[HG�YDOXH�
IRU�DQ\�HFRORJLFDOO\�PHDQLQJIXO�VWDWLVWLFDO�SDUDPHWHU�LV�
D�3ODWRQLF�SKDQWRP��)XUWKHUPRUH��HYHQ�LI�WKHUH�ZDV�D�
WUXH��IL[HG�YDOXH�IRU�D�JLYHQ�VWDWLVWLFDO�SDUDPHWHU��IUH��
TXHQWLVW�VWDWLVWLFDO�WKHRU\�VWDWHV�WKDW�ZH�FDQ�QHYHU�NQRZ�
LW��$OWKRXJK�ZH�LPSOLFLWO\�KRSH�WKDW�ZH�KDYH�VDPSOHG�
DSSURSULDWHO\�DQG�REWDLQHG�D�UHDOLVWLF�HVWLPDWRU�RI�RXU�
SRSXODWLRQ�PHDQ��LW�LV�OLNHO\�WKDW�WKH�EHVW�ZH�FDQ�KRSH�
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����� $$521� 0��(//,621� (FRORJLFDO�$SSOLFDWLRQV�
9RO�����1R����

7$%/(� ��� 6RPH�IXQGDPHQWDO�GLIIHUHQFHV�EHWZHHQ�IUHTXHQWLVW�DQG�%D\HVLDQ�VWDWLVWLFDO�LQIHUHQFH�
LQ�WKHLU�XVHV�DQG�LQWHUSUHWDWLRQV�RI�VWDWLVWLFDO�FRQFHSWV�DQG�WHUPV��

&RQFHSW�RU�WHUP� )UHTXHQWLVW�LQWHUSUHWDWLRQ� %D\HVLDQ�LQWHUSUHWDWLRQ�

3UREDELOLW\� 5HVXOW�RI�DQ�LQILQLWH�VHULHV�RI�WULDOV� 7KH�REVHUYHU
V�GHJUHH�RI�EHOLHI��RU�
FRQGXFWHG�XQGHU�LGHQWLFDO�FRQ�� WKH�RUJDQL]HG�DSSUDLVDO�LQ�OLJKW�
GLWLRQV� RI�WKH�GDWD�

'DWD� 5DQGRP��UHSUHVHQWDWLYH��VDPSOH� )L[HG��DOO�WKHUH�LV��
3DUDPHWHUV� )L[HG� 5DQGRP�
N��FRQILGHQFH� 7KLV�LQWHUYDO�ZLOO�LQFOXGH�WKH�WUXH� N��RI�WKH�SRVVLEOH�SDUDPHWHU�YDO��
LQWHUYDO� YDOXH�RI�D�JLYHQ�SDUDPHWHU�LQ� XHV�ZLOO�IDOO�ZLWKLQ�WKH�FRQIL��

N��RI�DOO�SRVVLEOH�VDPSOHV� GHQFH��FUHGLELOLW\��LQWHUYDO�
7UHDWPHQW�RI� &RQGLWLRQV�RQ�VXIILFLHQW�VWDWLVWLFV� ,QWHJUDWHV�RYHU�DOO�SRVVLEOH�YDOXHV�
QXLVDQFH� RU�PD[LPXP�OLNHOLKRRG�HVWLPDWH�
SDUDPHWHUV�

&RQFOXVLRQ� 3�[�,�+�� 3�+� ,�[��

WR�GR�LV�WR�VWDWH�WKH�SUREDELOLW\�GLVWULEXWLRQ�LQ�ZKLFK�
WKH�DYHUDJH�UHVSRQVH�YDOXH��DQG�XQREVHUYHG�YDOXHV��DUH�
OLNHO\�WR�RFFXU��6LPEHUORII��������
7KH�VWDQGDUG�ZD\�ZH�JHW�DURXQG�WKLV�GLOHPPD�LV�WR�

FRPSXWH�WKH�UHOLDELOLW\�RI�RXU�HVWLPDWHG�VWDWLVWLFDO�SD��
UDPHWHU�E\�FRQVWUXFWLQJ�D� �N�� FRQILGHQFH�LQWHUYDO��
DURXQG�;�

3�;� �� W��&Q���
6�� �� W�D>Q��@�6���  � �� �� R[�� � N�
����

ZKHUH�W>Q��@�  � WKH�SHUFHQW��RW��RI�DUHD�LQ�ERWK�WDLOV�RI�
D�W�GLVWULEXWLRQ�EH\RQG�WKH�LQGLFDWHG�YDOXH�RI�W�IRU�Q�,�
GHJUHHV�RI�IUHHGRP��%\�FRQYHQWLRQ��ZH�PRVW�FRPPRQO\�
FRPSXWH�D�����FRQILGHQFH�LQWHUYDO�EDVHG�RQ�D�QRUPDO�
GLVWULEXWLRQ��ZKHUH�W446�>R@� � ������8QIRUWXQDWHO\��(T�� ��
WHOOV�XV�RQO\�WKDW�WKH�LQWHUYDO��;��� �����VJ��;��� �����VJ��
ZLOO�LQFOXGH�WKH�WUXH�YDOXH�RI��X�LQ������3�  � ������RI�
WKH�LQILQLWHO\�PDQ\�UHSHDWHG�VDPSOHV�IURP�RXU�SRSX��
ODWLRQ��7DEOH�����:H�FDQQRW�XVH�(T����WR�VWDWH�WKDW�WKHUH�
LV�D�N��SUREDELOLW\�WKDW�WKH�WUXH�PHDQ�GRHV�LQ�IDFW�RFFXU�
ZLWKLQ�WKH�FRQILGHQFH�LQWHUYDO�ZH�FUHDWHG�IURP�RXU�H[��
SHULPHQW��DQG�(T�� ��LV�QRW�D�SUREDELOLW\�GLVWULEXWLRQ�LQ�
ZKLFK�ZH�H[SHFW��X�WR�RFFXU��+RZVRQ� DQG�8UEDFK�
�������6LQFH��X�LV�IL[HG��LW�LV�HLWKHU�LQVLGH�D�FRQILGHQFH�
LQWHUYDO�RU�RXWVLGH�LW��,W�PDNHV�QR�VHQVH�WR�DVVHUW�WKDW�
D�IL[HG�SDUDPHWHU�ZRXOG�RFFXU�LQ�D�IL[HG�FRQILGHQFH�
LQWHUYDO�RQO\�N��RI�WKH�WLPH��6RNDO�DQG�5RKOI��������
,Q�DGGLWLRQ��IRU�PRVW�SDUDPHWHUL]HG��QRQQRUPDO�GLVWUL��
EXWLRQV��WKH�DFWXDO�SUREDELOLW\�WKDW�(T�� ��LQFOXGHV��X�LV�
VXEVWDQWLDOO\��"����� OHVV�WKDQ�WKH�H[SHFWHG�FRYHUDJH�
N��H�J���5RELQVRQ��������

)UHTXHQWLVW�K\SRWKHVLV�WHVWLQJ�

2QFH�ZH�KDYH�DQ�HVWLPDWH�RI�WKH�SDUDPHWHU�RI�LQ��
WHUHVW��ZH�QRUPDOO\�WHVW�K\SRWKHVHV�UHJDUGLQJ�WKDW�SD��
UDPHWHU��H�J���ZDV�WKH�SDUDPHWHU�DIIHFWHG�E\�WKH�DSSOLHG�
WUHDWPHQW"�$VVXPH�WKDW�ZH�KDYH�FROOHFWHG�D�VHW�RI�UDQ��
GRP��LQGHSHQGHQW�REVHUYDWLRQV�[� � ^[O���������[M�,�IURP�
D�QRUPDO�SRSXODWLRQ�WR�ZKLFK�DQ�H[SHULPHQWDO�WUHDW��
PHQW�KDV�EHHQ�DSSOLHG��DQG�WKDW�WKH�VDPSOH�YDULDQFH�
DSSUR[LPDWHV�WKH�SRSXODWLRQ�YDULDQFH��,I�ZH�VXEVWLWXWH�
WKH�H[SHFWHG�PHDQ�YDOXH��S����XQGHU�D�SRLQW�QXOO�VWD��
WLVWLFDO�K\SRWKHVLV��H�J���+R��S�� � >/���ZKHUH�S���PD\�EH�

REWDLQHG�IURP�D�VHW�RI�FRQWUROV��IRU�;�LQ�(T�����DQG�XVH�
WD�>QB���ZH� REWDLQ�WKH�XSSHU�DQG�ORZHU�ERXQGV�RI�WKH�
�UHMHFWLRQ�UHJLRQ��IRU�WKLV�QXOO�K\SRWKHVLV�DW�WKH�RW�
OHYHO��,Q�RWKHU�ZRUGV��IRU�WKH�WZR�WDLOHG�WHVW�+��� �X���

2�
�LI�;��� WKH�ORZHU�ERXQG�RU�;�!� WKH�XSSHU�ERXQG�RI�
(T�� ���LW�LV�XQOLNHO\�WKDW�RXU�VDPSOH�FRPHV�IURP�WKH�
SRSXODWLRQ�ZKHUH�WKH�H[SHFWHG�YDOXH�RI�;��(�;��  � �R�
,Q�VWDQGDUG�VWDWLVWLFDO�MDUJRQ��ZH�ZRXOG��UHM�HFW�WKH�QXOO�
K\SRWKHVLV���+R��WKDW��X� � SR�DW�WKH�RW�OHYHO�RI�VLJQLI��
LFDQFH��RU�ZH�ZRXOG�VWDWH�WKDW�RXU�UHVXOWV�DUH��VLJQLI��
LFDQW��ZLWK�SUREDELOLW\��3�YDOXH��3� 
� [��
7KH�PHDQLQJ�RI�WKLV�UHVXOW�LV�IDU�IURP�REYLRXV��6RNDO�

DQG�5RKOI��������GHYRWH�QHDUO\����SDJHV�WR�H[SODLQLQJ�
LW��0RVW�LPSRUWDQWO\��VXSSRUWLQJ�+��RU�LQIHUULQJ�FDXVH�
DQG�HIIHFW�IURP�3�YDOXHV�LV�QRW�SRVVLEOH��VHH�DOVR�/H��
ZRQWLQ��������3UHFLVHO\��LI�ZH�UHMHFW�+R�DW�WKH�RW�OHYHO��
ZH�DUH�DVVHUWLQJ�WKDW�ZH�ZLOO�LQFRUUHFWO\�UHMHFW�D�WUXH�
QXOO�K\SRWKHVLV��L�H���FRPPLW�D�7\SH�,�VWDWLVWLFDO�HUURU��
ZLWK�IUHTXHQF\�RW��LI�ZH�UHSHDWHG�WKLV�H[SHULPHQW�DQ�
LQILQLWH�QXPEHU�RI�WLPHV��7KH�FRQYHUVH�HUURU��7\SH�,,���
DFFHSWLQJ�D�IDOVH�QXOO�K\SRWKHVLV��GHSHQGV�RQ�WKH�VSHF��
LILHG�OHYHO�RI�R[��WKH�VDPSOH�VL]H��WKH�PDJQLWXGH�RI�WKH�
WUXH�HIIHFW��DQG�YDULHV�ZLWK�WKH�XQGHUO\LQJ��DQG�RIWHQ�
XQNQRZQ��SRSXODWLRQ�GLVWULEXWLRQ��
)RUPDOO\��D�3�YDOXH�LV�WKH�SUREDELOLW\�RI�REVHUYLQJ�

RXU�UHVXOWV�FRQGLWLRQDO�RQ�+R��L�H���RW� �3�[,+R��DQG�WKH�
SUREDELOLW\�RI�REVHUYLQJ�DOO�UHVXOWV�OHVV�OLNHO\�WKDQ�WKH�
REVHUYHG�UHVXOW��,Q�RWKHU�ZRUGV��WKH�3�YDOXH�RYHUVWDWHV�
KRZ�XQOLNHO\�WKH�GDWD�UHDOO\�DUH��EHFDXVH�LW�LV�ZHLJKWHG�
E\�DGGLWLRQDO��XQOLNHO\��DQG�XQREVHUYHG�UHVXOWV��H�J���
%HUJHU�������%HUJHU�DQG�%HUU\��������1RWH�DOVR�ZKDW�
D�3� YDOXH�GRHV�QRW�WHOO�XV��,W�GRHV�QRW�WHOO�XV�KRZ�
SUREDEOH�RXU�QXOO�K\SRWKHVLV�DFWXDOO\�LV�JLYHQ�WKH�GDWD�
�L�H���3�+R,[����QRU�GRHV�LW�WHOO�XV�WKH�SUREDELOLW\�RI�RXU�
DOWHUQDWLYH�K\SRWKHVLV��L�H��� 3�+,O[���� %DVHG� RQ�WKH�
VWDWHPHQW�WKDW�REVHUYHG�GDWD�DUH�XQOLNHO\�JLYHQ�D�QXOO�
K\SRWKHVLV��3�[,+R��LV�VPDOO���RQH�FDQQRW�FRQFOXGH�WKDW�
WKH�DOWHUQDWLYH�K\SRWKHVLV�LV�OLNHO\��RU��WUXH���JLYHQ�
WKH�GDWD��3�+,O[�� LV�ODUJH���WKLV�FRPPLWV�WKH�ORJLFDO�
IDOODF\�RI�DIILUPLQJ�WKH�FRQVHTXHQW��H�J���+RZVRQ�DQG�
8UEDFK��������7KDW�LV��LI�D�QXOO�K\SRWKHVLV�LPSOLHV�D�
SDUWLFXODU�VHW�RI�GDWD��S��;�T���WKHQ�DOWKRXJK�REVHUYLQJ�
GLIIHUHQW�GDWD�LPSOLHV�WKDW�WKH�QXOO�K\SRWKHVLV�LV�IDOVH�
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�QRW�T��;� QRW�S��RU�V\PEROLFDOO\��T� �
� �LS��� LW�GRHV�
QRW�QHFHVVDULO\�LPSO\�WKDW�WKH�DOWHUQDWLYH�K\SRWKHVLV�
SURGXFHG�WKH�REVHUYHG�GDWD���LS���� �LT���,Q�IDFW��HYHQ�
LI�3�[,+R��LV�VPDOO��3�+R,[��PD\�EH�TXLWH�ODUJH��DQG�
3�+,O[��FRQVHTXHQWO\�VPDOO���ZLWK�IUHTXHQF\�DV�KLJK�DV�
DQ�RUGHU�RI�PDJQLWXGH�!D� �/LQGOH\�������%HUJHU�DQG�
'HODPSDG\�������%HUJHU�DQG�6HOONH��������6LPLODUO\��
IDLOXUH�WR�UHMHFW�+R�GRHV�QRW�LQGLFDWH�WKH�HYLGHQFH�LQ�
IDYRU�RI�LW��.DVV� DQG�5DIWHU\��������,Q�SRLQW�RI�IDFW��
3�+,O[���WKH�SUREDELOLW\�WKDW�WKH�WUHDWPHQW��FDXVHG��
WKH�UHVXOWV��RU�WKH�OLNHOLKRRG�RI�WKH�DOWHUQDWLYH�K\SRWK��
HVLV��JLYHQ�WKH�GDWD���LV�ZKDW�PRVW�VFLHQWLVWV�DQG�SROLF\��
PDNHUV�DFWXDOO\�ZDQW�WR�NQRZ��
,W�LV�DUJXDEOH�WKDW�PRVW�HFRORJLVWV�DUH�WHVWLQJ�DQ�LP��

SOLFLW�VWDWLVWLFDO�QXOO�K\SRWKHVLV�RI�WKH�IRUP�+R� S�� �
���DQG�WKDW�WKH\�DUH�XVLQJ�WKHLU�VWDWLVWLFDO�DQDO\VLV�DV�D�
EHQFKPDUN�WR�LQGLFDWH�WKDW�WKH\�LQ�IDFW�KDG�REWDLQHG�
DQ�DGHTXDWH�VDPSOH�WR�REVHUYH�DQ\�WUHQG��3XW�DQRWKHU�
ZD\��WKH�SRLQW�RI�VWDWLVWLFDO�DQDO\VHV�LQ�HFRORJLFDO�UH��
VHDUFK�LV�WKH�WHVWLQJ�RI�D�VFLHQWLILF�K\SRWKHVLV�WKDW�WKH�
LPSRVHG�WUHDWPHQW�KDG�WKH�K\SRWKHVL]HG�HIIHFW��DQG�
WKDW�WKH�VDPSOH�VL]H�ZDV�ODUJH�HQRXJK�WR�GHWHFW�LW���7KLV�
GLIIHUHQFH�EHWZHHQ�VWDWLVWLFDO�DQG�VFLHQWLILF�K\SRWKHVHV�
DOVR�LOOXVWUDWHV�WKH�LPSRUWDQFH�RI�UHSRUWLQJ�VWDWLVWLFDO�
SRZHU�� � ���� WKH�SUREDELOLW\�RI�FRPPLWWLQJ�D�7\SH�,,�
VWDWLVWLFDO�HUURU���,I�VDPSOH�VL]H�LV�VPDOO��SRZHU�ZLOO�EH�
ORZ��DQG�WKH�VWDWLVWLFDO�QXOO�K\SRWKHVLV�PD\�EH�IDOVHO\�
DFFHSWHG��+RZHYHU��LI�VDPSOH�VL]H�LV�ODUJH��SRZHU�PD\�
EH�VR�KLJK�WKDW�LW�PD\�EH�YHU\�XQOLNHO\�WR�HYHU�DFFHSW�
D�VWDWLVWLFDO�QXOO�K\SRWKHVLV��HYHQ�LI�WKH�WUXH�HIIHFW�LV�
VPDOO�DQG�ELRORJLFDOO\�LUUHOHYDQW��VHH� DOVR� 5DIWHU\�
�������$Q�H[DPSOH�LOOXVWUDWHV�WKLV�GLVWLQFWLRQ�EHWZHHQ�
VWDWLVWLFDO�DQG�ELRORJLFDO�VLJQLILFDQFH��IRU�HYHQ�PRGHVW�
VDPSOH�VL]H��Q� � ����DQG�RQH�LQGHSHQGHQW�YDULDEOH��D�
FRUUHODWLRQ�FRHIILFLHQW�QHHG�RQO\�H[SODLQ����RI�WKH�YDUL��
DQFH�LQ�WKH�GDWD�WR�EH�VLJQLILFDQW�DW�WKH������OHYHO��5RKOI�
DQG�6RNDO� �������)RU�ODUJHU�VDPSOH�VL]HV��LW�PD\�EH�
YLUWXDOO\�LPSRVVLEOH�WR�HYHU�DFFHSW�WKH�VWDWLVWLFDO�QXOO�
K\SRWKHVLV��HYHQ�LI�WKH�REVHUYHG�WUHDWPHQW�HIIHFW�LV�
HFRORJLFDOO\�LUUHOHYDQW��2QH�ZD\�DURXQG�WKLV�GLIILFXOW\�
LV�WR�VHW�D�VXEVWDQWLDOO\�ORZHU�RW�OHYHO�IRU�UHMHFWLRQ�RI�
WKH�VWDWLVWLFDO�QXOO�K\SRWKHVLV�ZKHQ�VDPSOH�VL]H�DQG�
VWDWLVWLFDO�SRZHU�DUH�KLJK��H�J���5DIWHU\��������7KHUH�
DUH�QR�IUHTXHQWLVW�JXLGHOLQHV�IRU�VXFK�UHGXFWLRQV�LQ�R[�
IRU�JLYHQ�VDPSOH�VL]HV��KRZHYHU��
$�UDQGRPO\�FKRVHQ�VHW�RI����SDSHUV�SXEOLVKHG�LQ�

(FRORJ\�LQ������EHDUV�RXW�WKH�DVVHUWLRQ�WKDW�HFRORJLVWV�
SULQFLSDOO\�DUH�WHVWLQJ�VFLHQWLILF��QRW�VWDWLVWLFDO�K\SRWK��
HVHV��)RUW\�QLQH�RI�WKH�SDSHUV�H[DPLQHG�DW�OHDVW�RQH�
VFLHQWLILF�K\SRWKHVLV�XVLQJ�VWDQGDUG�VWDWLVWLFDO�WHFK��
QLTXHV��VXFK�DV�W�WHVWV��UHJUHVVLRQ��$129$��HWF���DQG�
UHJXODUO\�UHSRUWHG�3� YDOXHV��KRZHYHU��RQO\���RI����
UHSRUWHG�VWDWLVWLFDO�SRZHU���$OO�EXW�RQH�IRXQG�VWDWLVWL��
FDOO\��VLJQLILFDQW��UHVXOWV��'HVSLWH�WKH�RIW�UHSHDWHG�
VWDWHPHQW�WKDW�WKH�XVH�RI�H[SOLFLW�VWDWLVWLFDO�QXOO�K\��
SRWKHVHV�RU�PXOWLSOH�ZRUNLQJ��VFLHQWLILF��K\SRWKHVHV�
DUH�QHHGHG�LI�HFRORJ\�LV�WR�PDWXUH�DV�D�VFLHQFH��H�J���
6WURQJ�������3HWHUV�������RQO\����RI�WKHVH�SDSHUV�H[��

SOLFLWO\�SUHVHQWHG�QXOO�K\SRWKHVHV��ZKLOH�����LQFOXGLQJ�
��RI�WKH����ZLWK�QXOO�PRGHOV��XVHG�PXOWLSOH�K\SRWKHVHV��
7KXV��LQ�����RI�WKH�VDPSOH�����RI����SDSHUV���LW�ZDV�
QRW�FOHDU�ZKDW�VWDWLVWLFDO�RU�VFLHQWLILF�K\SRWKHVLV�ZDV�
EHLQJ�UHMHFWHG�E\�WKH�UHSRUWHG�3�YDOXHV��6LPLODU�UHVXOWV�
KDYH�EHHQ�IRXQG�LQ�OLWHUDWXUH�VXUYH\V�RI�DTXDWLF�VFL��
HQFHV��%RXUJHW�DQG�)RUWLQ��������SV\FKRORJ\��DQG�PHG��
LFLQH��6WHUOLQJ�HW�DO���������
,Q�JHQHUDO��KRZHYHU��FODVVLFDO�K\SRWKHVLV�WHVWLQJ�DQG�

UHMHFWLRQ�DSSHDUHG�XQLPSRUWDQW��DV�WKH�DXWKRUV�RI����RI�
WKHVH�SDSHUV�DVVHUWHG�WKDW�WKHLU�UHVXOWV��L�H���GDWD��VXS��
SRUWHG�RU�FRQILUPHG�WKHLU�K\SRWKHVLV��,Q�RWKHU�ZRUGV��
����RI�WKH�DXWKRUV�FRQVLGHUHG�3�+��[��WR�EH�KLJK��GH��
VSLWH�WKH�IDFW�WKDW�WKH�DXWKRUV�DFWXDOO\�WHVWHG�3�[,+R���
,I�ZH�ZHUH�UHDOO\�VHULRXV�DERXW�WHVWLQJ�SODXVLEOH�HFR��
ORJLFDO�QXOO�K\SRWKHVHV��L�H���WKRVH�WKDW�ZH�H[SHFW�WR�
DFFHSW�ZLWK�KLJK�IUHTXHQF\���WKHUH�ZRXOG�QRW�EH� D�
GHDUWK�RI�SDSHUV�UHSRUWLQJ��QRQVLJQLILFDQW��UHVXOWV��,Q�
IDFW��ZH�QRUPDOO\�H[SHFW�WR�DFFHSW�D�VLQJOH�HFRORJLFDO�
DOWHUQDWLYH�K\SRWKHVLV�E\�UHMHFWLQJ�D�VWDWLVWLFDO�+R��DQG�
FRQVHTXHQWO\�UDUHO\�VWDWH�LW���RWKHUZLVH�ZH�ZRXOG�QRW�
KDYH�GRQH�WKH�H[SHULPHQW�LQ�WKH�ILUVW�SODFH��2Q�WKH�RWKHU�
KDQG��LI�ZH�H[SHFW�WR�UHMHFW�DQ�HFRORJLFDO�+��LQ�WKH�ILUVW�
SODFH��WKHQ�LW�ZRXOG�EH�PRUH�LQIRUPDWLYH�WR�NQRZ�WKH�
OLNHOLKRRG�RI�ERWK�+R�DQG�+��RQFH�WKH�H[SHULPHQW�LV�
FRPSOHWH��LQ�OLJKW�RI�WKH�GDWD�REWDLQHG��$GGLWLRQDO�GDWD�
FRXOG�WKHQ�EH�XVHG�WR�UHYLVH�WKH�OLNHOLKRRG�RI�WKHVH��
DQG�RWKHU��DOWHUQDWLYH�K\SRWKHVHV��)UHTXHQWLVW�K\SRWK��
HVLV�WHVWLQJ�DQG�3�YDOXHV�GR�QRW�SURYLGH�WKLV�W\SH�RI�
LQIRUPDWLRQ��&RQVWUXFWLRQ�RI�VRXQG��SUHGLFWLYH�HFRORJ��
LFDO�WKHRU\�WKDW�FDQ�ERWK�DGYDQFH�HFRORJLFDO�XQGHU��
VWDQGLQJ�DQG�FRQWULEXWH�WR�HQYLURQPHQWDO�SROLF\�GHFL��
VLRQV�UHTXLUHV�WKDW�ZH�SUHFLVHO\�VWDWH�KRZ�OLNHO\�D�SDU��
WLFXODU�HFRORJLFDO�SURFHVV�LV�WR�DIIHFW�YDULDEOHV�RI�LQ��
WHUHVW��

%$<(6,$1� ,1)(5(1&(� )25�
(&2/2*,676�

:KHQ�ZH�PDNH�D�VFLHQWLILF�JHQHUDOL]DWLRQ�ZH�GR�QRW�
DVVHUW�WKH�JHQHUDOL]DWLRQ�DQG�LWV�FRQVHTXHQFHV�ZLWK�
FHUWDLQW\��ZH�DVVHUW�WKDW�WKH\�KDYH�D�KLJK�GHJUHH�RI�
SUREDELOLW\�RQ�WKH�NQRZOHGJH�DYDLODEOH�WR�XV�DW�WKH�
WLPH��EXW�WKDW�WKLV�SUREDELOLW\�PD\�EH�PRGLILHG�E\�
DGGLWLRQDO�NQRZOHGJH��-HIIUH\V������

%D\HVLDQ�LQIHUHQFH�SURYLGHV�D�PHFKDQLVP��EDVHG�RQ�
WKH�SUREDELOLW\�FDOFXOXV��WR�TXDQWLI\�WKH�XQFHUWDLQW\�LQ�
SDUDPHWHU�HVWLPDWHV��DQG�WR�GHWHUPLQH�WKH�SUREDELOLW\�
WKDW�DQ� H[SOLFLW�VFLHQWLILF�K\SRWKHVLV�LV� WUXH�JLYHQ�
��FRQGLWLRQDO�RQ��� D�VHW�RI�GDWD��%D\HVLDQ�LQIHUHQFH�
WUHDWV�VWDWLVWLFDO�SDUDPHWHUV�DV�UDQGRP�YDULDEOHV��7DEOH�
����DQG�XVHV�D�OLNHOLKRRG�IXQFWLRQ�WR�H[SUHVV�WKH�UHODWLYH�
SODXVLELOLW\�RI�REWDLQLQJ�GLIIHUHQW�YDOXHV�RI�WKLV�SDUDP��
HWHU�ZKHQ�SDUWLFXODU�GDWD�KDYH�EHHQ�REVHUYHG��0F��
&XOODJK�DQG�1HOGHU��������

%D\HVLDQ�SDUDPHWHU�HVWLPDWLRQ�

%D\HVLDQ�SDUDPHWHU�HVWLPDWLRQ�EHJLQV�ZLWK�WKH�RE��
VHUYDWLRQ�WKDW�WKH�MRLQW�SUREDELOLW\�RI�WZR�HYHQWV��3�2�
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����� $$521� 0��(//,621� (FRORJLFDO�$SSOLFDWLRQV�
9RO�����1R����

[���HTXDOV�WKH�SURGXFW�RI�WKH�SUREDELOLW\�RI�RQH�RI�WKH�
HYHQWV�DQG�WKH�FRQGLWLRQDO�SUREDELOLW\�RI�WKH�VHFRQG�
HYHQW�JLYHQ�WKH�ILUVW�RQH��

3�[��3��,[��  � 3�2[��  � 3����3�[,���� ����

5HDUUDQJLQJ�WHUPV�LQ�(T�� ��\LHOGV�DQ�H[SUHVVLRQ�IRU�
3��2[���RU�WKH�SRVWHULRU�SUREDELOLW\�RI�REWDLQLQJ�WKH�
SDUDPHWHU���JLYHQ�WKH�GDWD�DW�KDQG�

3���,�;�� � 3�[�,2���3���� ����
3�[��

7KLV�H[SUHVVLRQ�LV�NQRZQ�DV�%D\HV
� WKHRUHP��%D\HV�
�������,Q�WKLV�H[SUHVVLRQ��3���� LV�WKH�SULRU�SUREDELOLW\�
RI�REWDLQLQJ�WKH�VSHFLILHG�SDUDPHWHU��,Q�RWKHU�ZRUGV��
3���� LV�WKH�SUREDELOLW\�RI�REVHUYLQJ���WKDW�LV�H[SHFWHG�
E\�WKH�LQYHVWLJDWRU�EHIRUH�WKH�H[SHULPHQW�LV�FRQGXFWHG��
7KHUH�DUH�WKUHH�LQWHUSUHWDWLRQV�RI�WKH�SULRU�SURED��

ELOLW\�3���� �&R[� DQG�+LQNOH\�������� ���� D�IUHTXHQF\�
GLVWULEXWLRQ�ZKRVH�SDUDPHWHUV�UHIOHFW�DQDO\VLV�DQG�V\Q��
WKHVLV�RI�H[LVWLQJ�GDWD��VHH�7D\ORU�HW�DO�� �����IRU�DQ�
H[DPSOH�������DQ��REMHFWLYH��VWDWHPHQW�RI�ZKDW�LV�UD��
WLRQDO�WR�EHOLHYH�DERXW�WKH�LQLWLDO�SDUDPHWHU�RU�GLVWUL��
EXWLRQ��JLYHQ�LQLWLDO�LJQRUDQFH�RI�WKLV�SDUDPHWHU��VHH�
/XGZLJ������DQG�9HU�+RHI������IRU�H[DPSOHV���RU�����
D�VXEMHFWLYH�PHDVXUH�RI�ZKDW�WKH�LQYHVWLJDWRU�DFWXDOO\�
EHOLHYHV���:ROIVRQ�������DQG�UHIHUHQFHV�WKHUHLQ��GLV��
FXVVHV�KRZ�WR�HOLFLW�VXFK�VWDWHPHQWV�RI�EHOLHI���
(FRORJLVWV�DQG�RWKHUV�WUDLQHG�LQ�IUHTXHQWLVW�VWDWLVWLFV�

DUH�PRVW�OLNHO\�WR�XVH�WKH�ILUVW�RU�VHFRQG�LQWHUSUHWDWLRQ�
RI�3���� ZKHQ�GHVLJQLQJ�DQG�DQDO\]LQJ�DQ�H[SHULPHQW��
7KH�LQIRUPDWLRQ�UHTXLUHG�WR�FRQVWUXFW�3���� DV�D�IUH��
TXHQF\�GLVWULEXWLRQ�QRUPDOO\�LV�UHSRUWHG�TXDOLWDWLYHO\�
LQ�WKH�LQWURGXFWLRQ�WR�D�UHVHDUFK�SDSHU�RU�LQ�GHVFULSWLRQV�
RI�VWXG\�VLWHV�DQG�VWXG\�VSHFLHV��EXW�WKHVH�GDWD�UDUHO\�
DUH�XVHG�TXDQWLWDWLYHO\��HYHQ�LQ�UHYLHZ�SDSHUV��3HWHUV�
�������2EMHFWLYH�VWDWHPHQWV�RI�3����UHIOHFWLQJ�WRWDO�LJ��
QRUDQFH�FDQ�EH�H[SUHVVHG�ZLWK�QRQLQIRUPDWLYH�SULRUV��
VXFK�DV�3����  �D�XQLIRUP�GLVWULEXWLRQ��ZKHUH�DOO�YDOXHV�
DUH�HTXDOO\�OLNHO\��-HIIUH\V�������VHH�/XGZLJ������IRU�
DQ�H[DPSOH���+RZHYHU��VLQFH�VFLHQWLILF�UHVHDUFK�LV�DQ�
LQFUHPHQWDO�SURFHVV��LQ�ZKLFK�QHZ�K\SRWKHVHV�DUH�
EDVHG�RQ�SUHH[LVWLQJ�GDWD��LW�LV�XQOLNHO\�WKDW�ZH�ZRXOG�
HYHU�EH�LQ�D�VLWXDWLRQ�RI�FRPSOHWH�LJQRUDQFH�UHJDUGLQJ�
SRVVLEOH�YDOXHV�RI�K\SRWKHWLFDO�SDUDPHWHUV��:ROIVRQ�
�������
7KH�RWKHU�WHUP�LQ�WKH�QXPHUDWRU��3�[�,����LV�)LVKHU
V�

OLNHOLKRRG�IXQFWLRQ�IRU�WKH�SDUDPHWHU��%R[� DQG�7LDR�
������5HFNKRZ��������7KH�GHQRPLQDWRU�LV�WKH�H[SHFWHG�
YDOXH�RI�WKH�OLNHOLKRRG�IXQFWLRQ��DQG�DFWV�DV�D�VFDOLQJ�
FRQVWDQW�WKDW�QRUPDOL]HV�WKH�VXP�RU�LQWHJUDO�RI�WKH�DUHD�
XQGHU�WKH�SRVWHULRU�SUREDELOLW\�GLVWULEXWLRQ��%HFDXVH�
WKH�GHQRPLQDWRU�LQ�(T�� ��LV�D�FRQVWDQW��WKLV�HTXDWLRQ�
KDV�WKH�IRUP�RI��

SRVWHULRU�SUREDELOLW\�RF�OLNHOLKRRG�;�SULRU�SUREDELOLW\��

7KLV�VWDWHPHQW�LQGLFDWHV�WKDW�WKH�OLNHOLKRRG�IXQFWLRQ�LV�
ZKDW�PRGLILHV�SULRU�NQRZOHGJH�LQWR�SRVWHULRU�H[SHF��
WDWLRQV��%R[�DQG�7LDR��������

$�VLPSOH�H[DPSOH�RI�SDUDPHWHU�HVWLPDWLRQ�LOOXVWUDWHV�
WKH�XVH�RI�(T�� ��DQG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�LQ��
YHVWLJDWRUV
�SULRU�SUREDELOLW\�GLVWULEXWLRQV�DQG�WKH�OLNH��
OLKRRG�IXQFWLRQ��&RQVLGHU�WZR�HFRORJLVWV�LQWHUHVWHG�LQ�
HVWLPDWLQJ�WKH�IUDFWLRQ�RI�IROLDU�DUHD��KHUH�GHQRWHG�E\�
���RI�UHG�VSUXFH��3LFHD�UXEHQV�6DUJ���DIIHFWHG�E\�D�SUH��
GHILQHG�FRQFHQWUDWLRQ�RI�DFLG�GHSRVLWLRQ�LQ�D�SUHYLRXVO\�
XQVWXGLHG�ORFDWLRQ�LQ�9HUPRQW��7KH�ILUVW�HFRORJLVW��$��
KDV�H[WHQVLYH�H[SHULHQFH�ZLWK�UHG�VSUXFH�DW�RWKHU�VLWHV�
LQ�9HUPRQW��DQG�EHIRUH�YLVLWLQJ�WKH�QHZ�VWXG\�VLWH��VKH�
HVWLPDWHV���WR�EH�����"�������PHDQ�"���6'��� DQG�DVVHUWV�
WKDW�SRSXODWLRQ�YDOXHV�RI���IRUP�D�QRUPDO�GLVWULEXWLRQ��
LQ�VWDWLVWLFDO�QRWDWLRQ��D��� 1��������������� 7KHUHIRUH��
HFRORJLVW�$
V�SULRU�SUREDELOLW\�IXQFWLRQ��VROLG�EODFN�OLQH�
LQ�)LJ�����LV��

�� U���������
3$���� � H[S�>B�� �� � �D������H[�>� �����-����

,Q�DGGLWLRQ�WR�EHLQJ�DQ�H[SUHVVLRQ�RI�SRVVLEOH�YDOXHV�
IRU�>��(T�� �� LV�DOVR� D� WHVWDEOH�K\SRWKHVLV�DERXW�WKH�
GLVWULEXWLRQ�RI�SRVVLEOH���YDOXHV��7KH�VHFRQG�HFRORJLVW�
�%�� KDV�PXFK�OHVV�H[SHULHQFH�ZLWK�UHG�VSUXFH�LQ�9HU��
PRQW��DQG�HVWLPDWHV����� 1������������� 7KHUHIRUH��

�� ������ ���9�
3%4�� ����H[S� R��-� ����

9���D������ >��� ����@�

�GRWWHG�OLQH�LQ�)LJ������
6XEVHTXHQW�WR�REWDLQLQJ�DGHTXDWH�IXQGLQJ��WKHVH�WZR�

HFRORJLVWV�PHDVXUH�>�E\�JURZLQJ����UHG�VSUXFH�VHHG��
OLQJV�LQ�D�FRQWUROOHG�HQYLURQPHQW�DQG�DSSO\LQJ�QLWULF�
DFLG�DW�D�VSHFLILHG�FRQFHQWUDWLRQ��7KH�UHVXOWV�DUH�E� �
^E����������EOR`�YDOXHV�WKDW�DUH�QRUPDOO\�GLVWULEXWHG�ZLWK�
PHDQ�E� �����DQG�VWDQGDUG�GHYLDWLRQ��������7KH�VWDQ��
GDUGL]HG�OLNHOLKRRG�IXQFWLRQ��VKDGHG�FXUYH�LQ�)LJ�����
IRU�WKLV�UHVXOW�LV� �� 1�E�� >V,9?Q@���� ZKHUH�WKH�YDULDQFH�
 � WKH�VTXDUHG�VWDQGDUG�HUURU�RI�WKH�PHDQ��)ROORZLQJ�
%R[�DQG�7LDR� �������� WKH�SRVWHULRU�GLVWULEXWLRQ�RI���
JLYHQ�̂ E�`��3�>� ,�E����� 1��Q��GQ����ZKHUH�

I � �� �Z2>2��� ZQE�� ����
:2� �� :Q�

DQG�

���� :R��� :Q� ����

Q� � WKH�VDPSOH�VL]H��3R�LV�WKH�SULRU�PHDQ��ZR� � ��8R��
�WKH�UHFLSURFDO�RI�WKH�SULRU�YDULDQFH��DQG�ZQ� �Q�V���,Q�
WKLV�H[DPSOH��HFRORJLVW�$�UHSRUWV�D�SRVWHULRU�HVWLPDWH�
RI�IROLDU�ORVV�>Q� � ������"��������PHDQ�"�� 6'��� ZKLOH�
HFRORJLVW�%�UHSRUWV�2Q� � �������� �������
'HVSLWH�WKH�ODUJH�LQLWLDO�GLVFUHSDQFLHV�EHWZHHQ�WKH�

WZR�HFRORJLVWV
�HVWLPDWHV�RI�>�DQG�WKHLU�GLIIHULQJ�GH��
JUHHV�RI�FHUWLWXGH�LQ�WKHLU�HVWLPDWHV��H[SUHVVHG�DV�HDFK�
HFRORJLVW
V�SULRU�8R����WKH�DSSOLFDWLRQ�RI�%D\HVLDQ�LQ��
IHUHQFH�WR�WKHLU�GDWD�IROORZLQJ�D� VLQJOH�H[SHULPHQW�
OHDGV�WR�FORVH�DJUHHPHQW�RI�WKHLU�VXEVHTXHQW�SDUDPHWHU�
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),*�� ��� 7RS��LOOXVWUDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
WZR�K\SRWKHWLFDO�SULRU�SUREDELOLW\�GLVWULEXWLRQV�GHVFULEHG�E\�
(TV�� ��DQG����DQG�WKH�OLNHOLKRRG�IXQFWLRQ�EDVHG�RQ�WKH�K\��
SRWKHWLFDO�H[SHULPHQWDO�GDWD��%RWWRP��3RVWHULRU�SUREDELOLW\�
GLVWULEXWLRQV�UHVXOWLQJ�IURP�DSSO\LQJ�%D\HV
� WKHRUHP�WR�WKH�
WRS�SDQHO��

HVWLPDWHV��)LJ������6LQFH�%D\HVLDQ�LQIHUHQFH�LV�DQ�LW��
HUDWLYH�SURFHVV��WKH�SRVWHULRU�SUREDELOLW\�GLVWULEXWLRQ�
RI��%�REWDLQHG�E\�WKLV�H[SHULPHQW�FDQ�QRZ�EH�XVHG�DV�
WKH�SULRU�SUREDELOLW\�GLVWULEXWLRQ�IRU�D�QHZ�VHW�RI�H[��
SHULPHQWV��VKRXOG�IXUWKHU�UHILQHPHQW�RI�WKLV�HVWLPDWH�
RU�DGGLWLRQDO�K\SRWKHVLV�WHVWLQJ�EH�UHTXLUHG��
7KLV�H[DPSOH�DOVR�LOOXVWUDWHV�D�JHQHUDO�SULQFLSOH�RI�

%D\HVLDQ�LQIHUHQFH��)RU�SDUDPHWULF�GLVWULEXWLRQV��DV�
ORQJ�DV�WKH�OLNHOLKRRG�IXQFWLRQ��GRPLQDWHV��WKH�SULRU�
GLVWULEXWLRQV��L�H���ZR����ZM���WKH�GDWD�ZLOO�KDYH�D�PXFK�
JUHDWHU�HIIHFW�RQ�WKH�SRVWHULRU�SUREDELOLW\�IXQFWLRQ�WKDQ�
ZLOO�WKH�SULRU��%R[� DQG�7LDR� �������7KH\�DOVR�SRLQW�
RXW�WKDW�WKLV�FRQIRUPV�WR�VWDQGDUG�VFLHQWLILF�SUDFWLFH��
,I�WKH�SULRU�GRPLQDWHV�WKH�OLNHOLKRRG��WKHQ�WKH�H[SHUL��
PHQW�LV�SUREDEO\�LUUHOHYDQW��VLQFH�WKDW�LPSOLHV�WKH�H[��
LVWHQFH�RI�PRUH�SULRU�LQIRUPDWLRQ�WKDQ�WKH�VXEVHTXHQW�
H[SHULPHQW�FDQ�VXSSO\�WR�LQIOXHQFH�SRVWHULRU�HVWLPDWHV��
7KLV�LV�DQ�LPSRUWDQW�UHVXOW��DV�RQH�RI�WKH�FRPPRQ�FULW��
LFLVPV�RI�%D\HVLDQ�LQIHUHQFH�LV�WKDW�VSHFLI\LQJ�D�SULRU�

SUREDELOLW\�GLVWULEXWLRQ�LV�D�VXEMHFWLYH�SURFHVV�WKDW�LV�
LQDSSURSULDWH�WR�VFLHQWLILF�UHVHDUFK��ZKHUHLQ�WKH�GDWD�
DUH�H[SHFWHG�WR�VSHDN�IRU�WKHPVHOYHV��5HFDOO��KRZHYHU��
WKH�VXEMHFWLYH�QDWXUH�RI�ZKDW�VFLHQWLVWV�UHJXODUO\�GR��
:H�UDUHO\��LI�HYHU��WHVW�DOO�SRVVLEOH�K\SRWKHVHV��DQG�PRVW�
RI�XV�XVH�VXEVWDQWLDO�SULRU�NQRZOHGJH�DERXW�WKH�EH��
KDYLRU�RI�D�V\VWHP�LQ�GHVLJQLQJ�RXU�H[SHULPHQWV��H�J���
%HUJHU�DQG�%HUU\�������-RKQVRQ�������/HZRQWLQ��������
8QOLNH�FODVVLFDO�IUHTXHQWLVW�VWDWLVWLFDO�SUDFWLFH��%D\H��
VLDQ�LQIHUHQFH�UHTXLUHV�WKH�LQYHVWLJDWRU�WR�VWDWH�DV��
VXPSWLRQV�H[SOLFLWO\�DQG�XVH�SUH�H[LVWLQJ�LQIRUPDWLRQ�
TXDQWLWDWLYHO\�LQ�RUGHU�WR�GHILQH�WKH�SULRU�GLVWULEXWLRQ�
RU�K\SRWKHVLV��
(DFK�HFRORJLVW�FDQ�SODFH�D�����%D\HVLDQ�FUHGLELOLW\�

LQWHUYDO�RQ�KHU�HVWLPDWH�RI�3��

3��Q� ���9�'� �"� Q� ���9��  ������� ����

ZKHUH�'�  � "Q��IURP�(T�� ���(IURQ��������:KLOH�WKH�
%D\HVLDQ�FUHGLELOLW\�LQWHUYDO��RU�ERXQGV�RQ�WKH�SRVWH��
ULRU�SUREDELOLW\��LV�FDOFXODWHG�DQDORJRXVO\�WR�D� IUH��
TXHQWLVW�FRQILGHQFH�LQWHUYDO��(T�� ����WKH�LQWHUSUHWDWLRQV�
DUH�YHU\�GLIIHUHQW��7DEOH�����%HFDXVH�%D\HVLDQ�LQIHU��
HQFH�WUHDWV�VWDWLVWLFDO�HVWLPDWHV��KHUH�����DV�UDQGRP�
YDULDEOHV��LQ�WKLV�H[DPSOH�WKH�LQWHUSUHWDWLRQ�RI�(T����LV�
WKDW�����RI�WKH�SRWHQWLDO�YDOXHV�RI���ZLOO�IDOO�ZLWKLQ�
WKH�ERXQGDULHV�RI�WKH�FUHGLELOLW\�LQWHUYDO��,I�WKH�LQYHV��
WLJDWRU�XVHV�D�QRQLQIRUPDWLYH�SULRU��WKH�ERXQGV�RI�(T��
��ZLOO�HTXDO�WKH�ERXQGV�RI�(T�����+RZHYHU��JLYHQ�VRPH�
SULRU�LQIRUPDWLRQ��(T����QRUPDOO\�ZLOO�EH�QDUURZHU�WKDQ�
(T�� ���H�J���'HHO\�DQG�=LPPHU��������

%D\HVLDQ�K\SRWKHVLV�WHVWLQJ�

$OWHUQDWLYH�SULRU�SUREDELOLW\�GLVWULEXWLRQV�IRU�VSH��
FLILF�SDUDPHWHUV�FDQ�DOVR�EH�YLHZHG�DV�PXOWLSOH�ZRUNLQJ�
K\SRWKHVHV��%D\HV
� WKHRUHP��(T�� ���FDQ�EH�H[WHQGHG�
WR�DVVHVV�WKH�UHODWLYH�SUREDELOLWLHV�RI�VXFK�DOWHUQDWLYH��
TXDQWLWDWLYH�K\SRWKHVHV�JLYHQ�WKH�DYDLODEOH�GDWD��H�J���
-HIIUH\V�������,YHUVHQ�������5HFNKRZ�������%HUQDUGR�
DQG�6PLWK��������$OWKRXJK�D�IUHTXHQWLVW�DQDO\VLV�DW��
WHPSWV�WR� �UHMHFW�� DQ�K\SRWKHVLV��DQG�D� %D\HVLDQ�
VSHDNV�LQ�WHUPV�RI�LWV��OLNHOLKRRG���ERWK�SUREDEO\�
ZRXOG�DJUHH�WKDW�VWDWLVWLFDO�K\SRWKHVLV�WHVWLQJ�VKRXOG�
EH�XVHG�WR�DVVHVV�WKH�HYLGHQFH�LQ�IDYRU�RI�WKH�QXOO�
K\SRWKHVLV��
)RU�PXOWLSOH�K\SRWKHVHV�+L��(T����FDQ�EH�JHQHUDOL]HG��

3�+� ,�[�� � 3�[�,�+L��3�+�� ����
3�[��

ZKHUH�

S�[�� B�I<�3�[�,�+M�� 3�+M�� +�GLVFUHWH� ���[�� I-�3�[�,�+���3�+��G+� +�FRQWLQXRXV� ����

DJDLQ�LV�D� VFDOLQJ�FRQVWDQW�HTXDO�WR�WKH�VXP�RI�WKH�
FRQGLWLRQDO�SUREDELOLWLHV�3�[�,�+���ZHLJKWHG�E\�WKHLU�SUL��
RU�SUREDELOLWLHV�S�+M���7KH�UDWLR�RI�WKH�SRVWHULRU�SURE��
DELOLWLHV�RI�WZR�DOWHUQDWLYH�K\SRWKHVHV��RIWHQ�FDOOHG�WKH�
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7$%/(� ��� ,QWHUSUHWDWLRQ�RI�%D\HV�IDFWRUV�VXJJHVWHG�E\�-HIIUH\V��������DQG�.DVV�DQG�5DIWHU\��������� ,Q�WKLV�WDEOH��WKH�YDOXH�
JLYHQ�LV�EDVHG�RQ�%OR��WKH�HYLGHQFH�DJDLQVW�+R��ZKHUH�WKH�OLNHOLKRRG�RI�+R�ZRXOG�EH�WKH�GHQRPLQDWRU�DQG�WKH�OLNHOLKRRG�
RI�+��ZRXOG�EH�WKH�QXPHUDWRU�LQ�(T�� ����7KLV�UHFLSURFDO�RI�WKH�OLNHOLKRRGV�JLYHQ�LQ�(T�� ���LV�KRZ�PRVW�HFRORJLVWV�ZRXOG�
EH�OLNHO\�WR�XVH�%D\HV�IDFWRUV�LQ�GD\�WR�GD\�UHVHDUFK��

-HIIUH\V�������� .DVV�DQG�5DIWHU\��������

ORJOR�%OR�� %OR� (YLGHQFH�DJDLQVW�+R� ��;�ORJH�%���� %OR� (YLGHQFH�DJDLQVW�+R�
������ ������ 1RW�ZRUWK�PRUH�WKDQ� ���� ���� 1RW�ZRUWK�PRUH�WKDQ�

D�EDUH�PHQWLRQ� D�EDUH�PHQWLRQ�
������ ������� 6XEVWDQWLDO� ���� ����� 3RVLWLYH�
���� ������� 6WURQJ� ����� ������� 6WURQJ�
!�� !���� 'HFLVLYH� !��� !���� 9HU\�VWURQJ�

�RGGV�UDWLR���JLYHV�WKH�UHODWLYH�HYLGHQFH�IRU�RQH�K\��
SRWKHVLV�RYHU�DQRWKHU��

3�+R�_[�� 3�+2��3�[� +R��
3�+��,[�� 3�+��� 3�[M+,���

(T�� ����LV�RIWHQ�VWDWHG�DV��

SRVWHULRU�RGGV� � SULRU�RGGV�;�%R��
DQG�%R��LV�FDOOHG�WKH��%D\HV�IDFWRU���UHYLHZHG�E\�.DVV�
DQG�5DIWHU\��������-HIIUH\V��������DQG�.DVV�DQG�5DI��
WHU\��������SURSRVHG�VFDOHV�XVLQJ�%D\HV�IDFWRUV�ZLWK�
ZKLFK�WR�GHFLGH�ZKHWKHU�RU�QRW�GDWD�IDLO�WR�VXSSRUW�+R�
RU�IDYRU�+���7DEOH�����1RWH�WKDW�LI�WZR�K\SRWKHVHV�DUH�
FRQVLGHUHG�WR�EH�HTXDOO\�OLNHO\�D�SULRUL��3�+2�� �3�+,��
 � ������WKHQ�WKH�%D\HV�IDFWRU� � WKH�SRVWHULRU�RGGV�LQ�
IDYRU�RI�+R��,I�WZR�K\SRWKHVHV�DUH�VLPSOH�GLVWULEXWLRQV�
�DOO�SDUDPHWHUV�VSHFLILHG���DQG�+R�LV�QHVWHG�ZLWKLQ�+���
WKHQ�%R��LV�VLPSO\�WKH�VWDQGDUG�OLNHOLKRRG�UDWLR��5HFN��
KRZ�������.DVV� DQG�5DIWHU\��������)RU�QHVWHG�K\��
SRWKHVHV��LI�DQ\�SDUDPHWHU��H�J���H[SHFWHG�PHDQ��YDUL��
DQFH��LV�XQNQRZQ�IRU�HLWKHU�RI�WKH�K\SRWKHVHV��VR�FDOOHG�
QXLVDQFH�SDUDPHWHUV���WKHQ�WKH�YDOXHV�IRU�WKH�WHUPV�RI�
%R��PXVW�EH�REWDLQHG�E\�LQWHJUDWLQJ��RU�VXPPLQJ��LQ�
WKH�GLVFUHWH�FDVH���QRW�PD[LPL]LQJ��WKH�OLNHOLKRRG�RYHU�
WKH�SDUDPHWHU�VSDFH� �VHH� (T�� ����.DVV� DQG�5DIWHU\�
�������,I�+R�DQG�+��DUH�QRW�QHVWHG��WKHQ�VWDQGDUG�IUH��
TXHQWLVW�OLNHOLKRRG�UDWLR�WHVWV�DUH�LQDSSOLFDEOH��.DVV�
DQG�5DIWHU\��������8VH�RI�%D\HV�IDFWRUV�UHTXLUHV�SD��
UDPHWHUL]DWLRQ�RI�WKH�SULRU��,I�WKH�SULRU�SUREDELOLW\�GLV��
WULEXWLRQV�DUH�QRQLQIRUPDWLYH��H�J���WKH�XQLIRUP�GLVWUL��
EXWLRQ���WKHQ�%R��LV�DOVR�XQGHILQHG��
$V�DQ�H[DPSOH��FRQVLGHU�D�VLPSOH�FRPSDULVRQ�EH��

WZHHQ�WZR�PHDQV��ZKHUH�WKH�PHDQV�DUH�HDFK�WKH�DPRXQW�
RI�UHG�VSUXFH�IROLDJH�ORVW�WR�WZR�GLIIHUHQW�DSSOLFDWLRQV�
RI�QLWULF�DFLG��Q� � ���SODQWV�SHU�WUHDWPHQW���7KH�QXOO�
K\SRWKHVLV�+R�LV�Z� � 9/���RU��HTXLYDOHQWO\��ML���� ���  �

����DQG�WKH�DOWHUQDWLYH�+��LV� �X� � �"���� $VVXPH�WKDW�WKH�
PHDQ�UHVSRQVHV�DUH�;O� � �����DQG�;�� � ������DQG�WKH�
XQGHUO\LQJ�SRSXODWLRQV�DUH�NQRZQ�WR�EH�QRUPDO��ZLWK�
F��  � ������ $�VWDQGDUG��IUHTXHQWLVW��W�WHVW�RQ�VLPXODWHG�
GDWD��GUDZQ�IURP�1��������������DQG�1��������������ILQGV�
WKDW�WKHVH�WZR�VDPSOHV�DUH��VLJQLILFDQWO\�GLIIHUHQW��DW�
3� ���������)RU�WKLV�VLPSOH�FDVH��ZKHUH�WKH�SRSXODWLRQV�
DUH�ERWK�QRUPDO�DQG�WKHLU�YDULDQFHV�DUH�NQRZQ��WKH�
SRVWHULRU�RGGV�LQ�IDYRU�RI�+R�FDQ�EH�FDOFXODWHG�XVLQJ�
PHWKRGV�RXWOLQHG�E\�&R[�DQG�+LQNOH\��������&KDSWHU�

�����,I�WKH�SULRU�SUREDELOLWLHV�RI�+R�DQG�+��ERWK�HTXDO�
�����WKHQ�WKH�SRVWHULRU�RGGV�LQ�IDYRU�RI�+R�LQ�WKLV�H[��
DPSOH� � ������(TXLYDOHQWO\��WKLV�PHDQV�WKDW�WKH�RGGV�
DUH� �����LQ�IDYRU�RI�WKH�DOWHUQDWLYH�K\SRWKHVLV�WKDW�
WKH�WZR�PHDQV�DUH�GLIIHUHQW��7KLV�SURYLGHV��SRVLWLYH��
�.DVV� DQG�5DIWHU\�������WR��VWURQJ���-HIIUH\V�������
HYLGHQFH�LQ�IDYRU�RI�+,� �7DEOH�����1RWH�WKDW�LI�WKHUH�
ZHUH�D�SULRUL�HYLGHQFH�WKDW�+R�ZDV�PRUH�OLNHO\�WKDQ�
+���WKHQ�WKH�SRVWHULRU�RGGV�LQ�IDYRU�RI�+R�ZRXOG�LQ��
FUHDVH�DV�D�IXQFWLRQ�RI�3�+2�,3�+,��� ,Q�DGGLWLRQ��WKLV�
SURFHVV�DQG�DWWHQGDQW�UHVXOWV�DUH�VXEVWDQWLDOO\�PRUH�LQ��
IRUPDWLYH�DERXW�WKH�TXDQWLWDWLYH�LPSRUWDQFH�RI�DFLG�GH��
SRVLWLRQ�WKDQ�D�VWDWHPHQW�WKDW�VLPSO\�UHMHFWV�D�QXOO�K\��
SRWKHVLV�WKDW�DFLG�GHSRVLWLRQ�KDV�QR�HIIHFWV�RQ�VSUXFH�
IROLDJH��5HFNKRZ�������� VLPLODUO\�VKRZHG�WKDW�HIIHF��
WLYH�XVH�RI�SULRU�SUREDELOLWLHV�DOORZHG�IRU�ELRORJLFDOO\�
PHDQLQJIXO�UHVROXWLRQ�DPRQJ�VWDWLVWLFDOO\�FRQWUDGLF��
WRU\�RXWFRPHV�RI�VWXGLHV�H[DPLQLQJ�HIIHFWV�RI�DFLGL��
ILFDWLRQ�RQ�VXOIDWH�FRQFHQWUDWLRQV��DFLG�QHXWUDOL]LQJ�FD��
SDFLW\��DQG�WRWDO�EDVH�FDWLRQV�LQ�$GLURQGDFN�ODNHV��
,� LOOXVWUDWHG�DERYH��)UHTXHQWLVW�K\SRWKHVLV�WHVWLQJ��

WKDW�DV�VDPSOH�VL]H�LQFUHDVHV��LW�EHFRPHV�LQFUHDVLQJO\�
XQOLNHO\�WR�DFFHSW�+R�IRU�D�IL[HG�VLJQLILFDQFH�OHYHO��H�J���
D�� � �������DQG�WKDW�WR�GLVWLQJXLVK�ELRORJLFDO�VLJQLIL��
FDQFH�IURP�VWDWLVWLFDO�VLJQLILFDQFH��WKH��[�OHYHO�VKRXOG�
EH�UHGXFHG�DV�VDPSOH�VL]H�LQFUHDVHV��5DIWHU\��������
$OWKRXJK�WKHUH�DUH�QR�IUHTXHQWLVW�JXLGHOLQHV�IRU�VXFK�
UHGXFWLRQV��&R[�DQG�+LQNOH\�������� LOOXVWUDWH�WKDW�WKH�
SRVWHULRU�RGGV�LQ�IDYRU�RI�+R�VFDOH�GLUHFWO\�ZLWK�VDPSOH�
VL]H�IRU�D�JLYHQ�VLJQLILFDQFH�OHYHO��+RZHYHU��WKH\�ILQG�
WKDW��ZKHQ�FRQWUDVWLQJ�PHDQV�IURP�QRUPDO�GLVWULEXWLRQV�
ZKHUH�WKH�YDULDQFHV�EHWZHHQ�WUHDWPHQWV�DUH�DSSUR[L��
PDWHO\�HTXDO��WKH�SRVWHULRU�RGGV�LQ�IDYRU�RI�+R�ZLOO�EH�
URXJKO\�FRQVWDQW�LI�WKH�R[�LV�UHGXFHG�DV�D�IXQFWLRQ�RI�Q�
ORJ�Q���ZKHUH�Q�LV�VDPSOH�VL]H��7KXV��WKH�IUHTXHQWLVW�
DQG�%D\HVLDQ�DSSURDFKHV�WR�K\SRWKHVLV�WHVWLQJ�JLYH�
FRPSDUDEOH�UHVXOWV�ZLWK�UHVSHFW�WR�WKH��WUXWK��RI�+R�LI�
�[�LV�UHGXFHG�DV�Q�LQFUHDVHV��&R[�DQG�+LQNOH\��������
1RWH��KRZHYHU��WKDW�D�IUHTXHQWLVW�ZRXOG�QRW�DVVHVV�GL��
UHFWO\�WKH�SUREDELOLW\�LQ�IDYRU�RI�HLWKHU�WKH�QXOO�RU�WKH�
DOWHUQDWLYH�K\SRWKHVLV��
%D\HVLDQ�LQIHUHQFH�LV�QRW�OLPLWHG�WR�SDUDPHWHU�HVWL��

PDWLRQ�RU�VLPSOH�K\SRWKHVLV�WHVWLQJ��7KHUH�DUH�%D\H��
VLDQ�SURFHGXUHV�WR�SHUIRUP�SRVW�KRF�PXOWLSOH�FRPSDU��
LVRQV�DPRQJ�PHDQV��:DOOHU�DQG�'XQFDQ��������WR�FRQ��
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VWUXFW�DQG�WHVW�DOWHUQDWLYH�UHJUHVVLRQ�PRGHOV��H�J���+DU��
WLJDQ�������+RDGOH\�������/LQGOH\�DQG�6PLWK�������
%R[� DQG�7LDR� ������+DOSHUQ�������'HPSVWHU�HW�DO��
�������WR�HVWLPDWH�WKH�UHODWLYH�LPSRUWDQFH�RI�YDULDQFH�
FRPSRQHQWV�LQ�FRPPRQ�$129$�PRGHOV��IL[HG�HIIHFWV�
PRGHOV��UDQGRP�HIIHFWV�PRGHOV��PL[HG�PRGHOV��EORFN�
GHVLJQV���WR�DQDO\]H�WLPH�VHULHV�PRGHOV��H�J���6SDOO�
������3ROH�HW�DO���������DQG�WR�FRQGXFW�VHQVLWLYLW\�DQDO��
\VHV�RI�VLPXODWLRQ�PRGHOV�ZKRVH�SDUDPHWHUL]DWLRQ�LV�
XQFHUWDLQ��5DIWHU\�HW�DO���������

%$<(6,$1� ,1)(5(1&(�� $'$37,9(�

0$1$*(0(17�� $1'� (19,5210(17$/�
'(&,6,21�0$.,1*�

(FRORJLFDO�XQGHUVWDQGLQJ�RI�FRPSOH[�SKHQRPHQD�LV�
HVVHQWLDO�LI�VRFLHW\�LV�WR�DQWLFLSDWH�DQG�DPHOLRUDWH�
WKH�HQYLURQPHQWDO�HIIHFWV�RI�KXPDQ�DFWLYLWLHV��/XE��
FKHQFR�HW�DO�������

(FRORJLVWV�FDQQRW�LJQRUH�DQWKURSRJHQLF�LPSDFWV�RQ�
WKH�ELRVSKHUH��DQG�PDQ\�RI�XV�ZDQW�WR�FRQWULEXWH�VXE��
VWDQWLYHO\�WR�GHFLVLRQ�PDNLQJ�SURFHVVHV�VXUURXQGLQJ�
HQYLURQPHQWDO�SUREOHPV��H�J���2ULDQV�HW�DO��������/XE��
FKHQFR�HW�DO��������6KUDGHU�)UHFKHWWH�DQG�0F&R\�������
9LWRXVHN�������+XHQQHNH�������8QGHUZRRG��������
'HVSLWH�9LWRXVHN
V��������DVVHUWLRQ�WKDW�ZH�DUH�FHUWDLQ�
WKDW�WKHUH�DUH�D�QXPEHU�RI�FRPSRQHQWV�RI�JOREDO�HQ��
YLURQPHQWDO�FKDQJH�WKDW�DUH�RFFXUULQJ�DQG�DUH�GULYHQ�
E\�KXPDQ�DFWLYLWLHV��D�TXDQWLWDWLYH�H[SUHVVLRQ�RI�WKDW�
FHUWLWXGH��VWDWHG�LQ�D�ZD\�WKDW�LV�PHDQLQJIXO�WR�GHFLVLRQ��
PDNHUV��QRUPDOO\�LV�DEVHQW�IURP�HFRORJLFDO�SXEOLFD��
WLRQV��7KH�ODFN�RI�TXDQWLILDEOH�XQFHUWDLQW\�RIWHQ�LV�XVHG�
E\�HFRORJLVWV�WR�MXVWLI\�WKHLU�ODFN�RI�LQYROYHPHQW�ZLWK�
WKH�GHFLVLRQ�PDNLQJ�SURFHVV��DQG�E\�VRPH�GHFLVLRQ�DQ��
DO\VWV�DV�D�YHKLFOH�WR�DYRLG�XVLQJ�VFLHQWLILF�LQIRUPDWLRQ�
LQ�WKH�SURFHVV��8QGHUZRRG������������+RZHYHU��XQ��
FHUWDLQW\�LV�IXQGDPHQWDO�WR�DOO�VFLHQWLILF�DFWLYLWLHV��DQG�
SHRSOH�UHJXODUO\�PDNH�GHFLVLRQV�EDVHG�RQ�XQFHUWDLQ�
GDWD��H�J���ZHDWKHU�IRUHFDVWV���/XGZLJ�HW�DO�� �������
FOHDUO\�LOOXVWUDWHG�WKDW�LJQRULQJ�HFRORJLFDO�XQFHUWDLQW\�
KDV�OHG�UHSHDWHGO\�WR�HQYLURQPHQWDO�FDWDVWURSKHV��
0RVW�IRUPDO�IUDPHZRUNV�IRU�PDNLQJ�GHFLVLRQV�H[��

SOLFLWO\�LQFRUSRUDWH�XQFHUWDLQW\�E\�XVLQJ�RGGV�UDWLRV�
�(T�� ����WR�GHFLGH�DPRQJ�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ�
�H�J���&KHUQRII�DQG�0RVHV�������/LQGOH\�������%HUJHU�
������6PLWK�������&KHFKLOH�DQG�&DUOLVOH��������)RU�
DQ\�VLWXDWLRQ�LQ�ZKLFK�D�GHFLVLRQ�PXVW�EH�PDGH��WKHUH�
LV�D�SUREOHP�WR�EH�VROYHG��D�VHW�RI�SRVVLEOH�DFWLRQV��D�
VHW�RI�XQFHUWDLQ�HYHQWV�DVVRFLDWHG�ZLWK�HDFK�DFWLRQ��DQG�
D�VHW�RI�FRQVHTXHQFHV�WKDW�FDQ�RFFXU�VXEVHTXHQW�WR�WKH�
HYHQWV��%HUQDUGR�DQG�6PLWK��������7KH�GHJUHH�RI�XQ��
FHUWDLQW\�WKDW�D�SDUWLFXODU�HYHQW�ZLOO�RFFXU�FDQ�EH�H[��
SUHVVHG�TXDQWLWDWLYHO\�DV�D�SULRU�SUREDELOLW\��WKH�GHFL��
VLRQ�FDQ�EH�VHHQ�DV�DQ�H[SHULPHQW��DQG�SRWHQWLDO�FRQ��
VHTXHQFHV�FDQ�EH�HVWLPDWHG�DV�SRVWHULRU�SUREDELOLWLHV��
(DFK�SRVVLEOH�FRQVHTXHQFH�DOVR�QHHGV�WR�EH�DVVLJQHG�
D�TXDQWLWDWLYH�YDOXH��XVXDOO\�UHIHUUHG�WR�DV�LWV�XWLOLW\��
/LQGOH\��������$OWKRXJK�PRVW�RIWHQ�H[SUHVVHG�LQ�PRQ��

HWDU\�WHUPV��WKH�XWLOLW\�QHHG�RQO\�H[SUHVV�VRPH�VWDQ��
GDUGL]HG�YDOXH�WKDW�LQGLYLGXDOV�RU�VRFLHW\�SODFH�RQ�HDFK�
K\SRWKHVL]HG�RXWFRPH��)RU�H[DPSOH��WKH�XWLOLWLHV�RI�GLI��
IHUHQW�HPLVVLRQ�FRQWURO�SROLFLHV�FRXOG�EH�H[SUHVVHG�DV�
H[SHFWHG�FKDQJHV�LQ�QHW�SKRWRV\QWKHWLF�UDWHV�RI�DIIHFWHG�
WUHHV��
%D\HV
� WKHRUHP�LV�XVHG�LQ�GHFLVLRQ�DQDO\VLV�WR�HV��

WLPDWH�WKH�FRQVHTXHQFHV�RI�D� GHFLVLRQ��DV� SRVWHULRU�
SUREDELOLWLHV��EDVHG�RQ�XQFHUWDLQW\��SULRU�SUREDELOLW\��
DQG�HYHQWV��OLNHOLKRRG�IXQFWLRQV���%D\HVLDQ�GHFLVLRQ�
WKHRU\�GHPRQVWUDWHV�WKDW�WKH�RSWLPDO�GHFLVLRQ�LV�WKH�
RQH�WKDW�PD[LPL]HV�WKH�SURGXFW�RI�WKH�XWLOLW\�DQG�WKH�
SRVWHULRU�SUREDELOLW\�RI�WKH�FRQVHTXHQFH�RI�WKH�JLYHQ�
GHFLVLRQ��H�J���/LQGOH\�������%HUJHU�������&KHFKLOH�
DQG�&DUOLVOH� ������� $OWHUQDWLYHO\��6KUDGHU�)UHFKHWWH�
DQG�0F&R\��������VXJJHVW�WKDW�D�PLQLPD[�GHFLVLRQ�UXOH�
�FKRRVH�WKH�GHFLVLRQ�IRU�ZKLFK�WKH�PD[LPXP�SRVVLEOH�
ORVV�RU�ULVN�LV�PLQLPL]HG��LV�SUHIHUDEOH�LQ�HQYLURQPHQ��
WDO�GHFLVLRQ�PDNLQJ��DV� LW�JXDUGV�DJDLQVW�FKRRVLQJ�D�
FRXUVH�RI�DFWLRQ�OHDGLQJ�WR�WKH�PRVW�HJUHJLRXV�HQYL��
URQPHQWDO�LPSDFWV��UHFDOO�3HWHUPDQ��������+RZHYHU��
%HUQDUGR�DQG�6PLWK��������SRLQW�RXW�WKDW�WKH�PLQLPD[�
UXOH��ZKLFK�GRHV�QRW�GHSHQG�RQ�D�SULRU�SUREDELOLW\�GLV��
WULEXWLRQ��LV�HTXLYDOHQW�WR�WKH�%D\HV�GHFLVLRQ�UXOH�WKDW�
XVHV�WKH�SULRU�SUREDELOLW\�GLVWULEXWLRQ�DVVRFLDWHG�ZLWK�
WKH�KLJKHVW�H[SHFWHG�ULVN��,Q�RWKHU�ZRUGV��WKH�PLQLPD[�
GHFLVLRQ�UXOH�LV�DSSURSULDWH�LQ�HQYLURQPHQWDO�VLWXDWLRQV�
RQO\�ZKHQ�SULRU�GDWD�SURYLGH�VWURQJ�HYLGHQFH�IRU�VXE��
VWDQWLDO�QHJDWLYH�HIIHFWV��DQG�GRPLQDWH�WKH�OLNHOLKRRG�
IXQFWLRQV���7KLV�LV�OLNHO\�WR�EH�WKH�FDVH�RQO\�ZKHQ�WKHUH�
LV�VXEVWDQWLDO�SULRU�LQIRUPDWLRQ�DQG�OLWWOH�XQFHUWDLQW\�
DERXW�SRVVLEOH�RXWFRPHV��
+RZHYHU��HQYLURQPHQWDO�GHFLVLRQV�UDUHO\�DUH�PDGH�

LQ�OLJKW�RI�FRPSOHWH�DQG�FHUWDLQ�GDWD��VR� GHFLVLRQV�
VKRXOG�EH�PDGH�LQ�ZD\V�WKDW�UHIOHFW�WKH�XQFHUWDLQW\�DQG�
WKDW�FDQ�EH�PRGLILHG�ZKHQ�QHZ�GDWD�EHFRPH�DYDLODEOH��
�$GDSWLYH�PDQDJHPHQW���H�J���+ROOLQJ�������2ULDQV�
HW�DO��������/HH�������LQFRUSRUDWHV�LQLWLDO�XQFHUWDLQW\��
WUHDWV�GHFLVLRQV�DV�K\SRWKHVHV�WR�EH�WHVWHG��DQG�GH��
PDQGV�WKDW�PDQDJHUV�OHDUQ�IURP�WKH�FRQVHTXHQFHV�RI�
WKHLU�GHFLVLRQV�DQG�DOWHU�WKHLU�GHFLVLRQV��DQG�LPSOHPHQW�
QHZ�GHFLVLRQV��DFFRUGLQJO\��$GDSWLYH�PDQDJHPHQW�LV�
SUHFLVHO\�DQDORJRXV�WR�DQ�LWHUDWLYH�%D\HVLDQ�OHDUQLQJ�
DQG�GHFLVLRQ�SURFHVV��3ULRU�LQIRUPDWLRQ�LV�VSHFLILHG��
GHFLVLRQV�DUH�PDGH��DQG�FRQVHTXHQFHV�DUH�REVHUYHG��
7KH�FRQVHTXHQFHV�DUH�WUHDWHG�QRW�DV�ILQDO�HYHQWV��EXW�
DV�QHZ�VRXUFHV�RI�LQIRUPDWLRQ��QHZ�SULRU�SUREDELOLW\�
IXQFWLRQV��IRU�VXEVHTXHQW��H[SHULPHQWV���HYHQWV��OLNH��
OLKRRG�IXQFWLRQV��WKDW�OHDG�WR�PRGLILFDWLRQV�LQ�PDQ��
DJHPHQW�SUDFWLFHV��QHZ�GHFLVLRQV���$V�VXJJHVWHG�E\�
+ROOLQJ���������2ULDQV�HW�DO����������DQG�8QGHUZRRG�
��������HFRORJLVWV�FDQ�FRQWULEXWH�WR�WKLV�SURFHVV�DW�DOO�
VWDJHV��:H�FDQ�JDWKHU��V\QWKHVL]H��DQG�PHWD�DQDO\]H�
LQIRUPDWLRQ�WR�FRQVWUXFW�SULRU�K\SRWKHVHV��ZH�FDQ�WUHDW�
GHFLVLRQV�DV�H[SHULPHQWV��DQG�ZH�FDQ�DQDO\]H�UHVXOWV�
DV�SRVWHULRU�K\SRWKHVHV�WR�EH�WHVWHG�UDWKHU�WKDQ�DV�GRQH�
GHDOV��%D\HVLDQ�LQIHUHQFH�DQG�GHFLVLRQ�WKHRU\�SURYLGH�
D�TXDQWLWDWLYH�IUDPHZRUN�DQG�LQWHOOLJLEOH�ODQJXDJH�LQ�
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����� $$521�0��(//,621� (FRORJLFDO�$SSOLFDWLRQV�
9RO�����1R����

ZKLFK�WR�DQDO\]H�DQG�H[SUHVV�DGDSWLYH�PDQDJHPHQW�
SURFHGXUHV��

&21&/8',1*� 5(0$5.6�

:KDW�LV�XQNQRZQ�DQG�RI�LQWHUHVW"�+��:KDW�LV�NQRZQ"�
;��&DOFXODWH�3�+�,�;���+RZ"�7KH�SUREDELOLW\�FDOFXOXV�
LV�WKH�RQO\�WRRO��7KH�%D\HVLDQ�DUJXPHQW�SURYLGHV�D�
UHFLSH��/LQGOH\��LQ�(IURQ������

7KHRU\�DQG�PHWKRGV�RI�%D\HVLDQ�LQIHUHQFH�KDYH�GH��
YHORSHG�UDSLGO\�LQ�WKH�ODVW����\U��EXW�WKH\�DUH�VWLOO�GLV��
FXVVHG�UDUHO\��LI�DW�DOO��ZKHUH�HFRORJLVWV�HQFRXQWHU�DQG�
OHDUQ�VWDWLVWLFV��LQ�LQWURGXFWRU\�VWDWLVWLFV�FODVVHV�DQG�
ELRPHWU\�WH[WERRNV��(IURQ��������DUJXHG�WKDW�%D\HVLDQ�
LQIHUHQFH�LV�DSSOLHG�UDUHO\�WR�VFLHQWLILF�GDWD�DQDO\VLV�
EHFDXVH�LW�LV�PRUH�GLIILFXOW�WR�VROYH�IRU�%D\HVLDQ�SRV��
WHULRU�SUREDELOLWLHV�WKDQ�LW�LV�WR�FRPSXWH�3�YDOXHV��)RU�
VRPH�HFRORJLFDO�GDWD��(T����ZRXOG�UHTXLUH�LQWHJUDWLRQ�
RI�IXQFWLRQV�WKDW�PD\�EH�VROYDEOH�RQO\�E\�QXPHULFDO�
DSSUR[LPDWLRQ��$V�\HW��WKHUH�LV�OLWWOH�HDVLO\�XVHG�VRIW��
ZDUH�IRU�FRQGXFWLQJ�%D\HVLDQ�DQDO\VHV��EXW�WKLV�LV�
FKDQJLQJ�UDSLGO\��H�J���6PLWK�DQG�*HOIDQG�������$OEHUW�
������&RRN�DQG�%URHPHOLQJ�������.DVV�DQG�5DIWHU\�
������5DIWHU\�HW�DO��������9HU�+RHI��������0DQ\�HFR��
ORJLFDO�GDWDVHWV�DQG�K\SRWKHVHV��KRZHYHU��FRXOG�EH�DQ��
DO\]HG�XVLQJ�%D\HVLDQ�WHFKQLTXHV�ZLWKRXW�XQGXH�GLI��
ILFXOW\��%HUQDUGR�DQG�6PLWK��������SURYLGH�IRUPXODH��
OLNHOLKRRG�IXQFWLRQV��DQG�PHWKRGV�WR�FDOFXODWH�SULRU�DQG�
SRVWHULRU�GLVWULEXWLRQV�IRU���XQLYDULDWH�DQG���PXOWLYDU��
LDWH�SDUDPHWHUL]HG�GLVFUHWH�GLVWULEXWLRQV��DQG����XQL��
YDULDWH�DQG���PXOWLYDULDWH�SDUDPHWHUL]HG�FRQWLQXRXV�
GLVWULEXWLRQV��7KH�XVH�RI�%D\HVLDQ�LQIHUHQFH�WR�DQDO\]H�
QRQSDUDPHWULF�GDWD��L�H���ZKHUH�WKH�GLVWULEXWLRQ�IXQF��
WLRQV�DUH�XQNQRZQ��KDV�WR�GDWH�UHFHLYHG�OHVV�DWWHQWLRQ�
�)HUJXVRQ�������/HRQDUG�������%HUQDUGR�DQG�6PLWK�
�������
&RQFHSWXDOO\��%D\HVLDQ� LQIHUHQFH�LV� WKH� PRVW�

VWUDLJKWIRUZDUG�ZD\�RI�DQDO\]LQJ�DQG�LQWHUSUHWLQJ�RXU�
K\SRWKHVHV�LQ�OLJKW�RI�RXU�GDWD��$V�HFRORJLVWV��ZH�KDYH�
D�YDVW�VWRUH�RI�QDWXUDO�KLVWRU\�DQG�H[SHULPHQWDO�GDWD�
ZLWK�ZKLFK�WR�DGGUHVV�XQFHUWDLQ�K\SRWKHVHV��1HZ�RE��
VHUYDWLRQV��H[SHULPHQWV��DQG�VWDWLVWLFDO�DQDO\VHV�DUH�WKH�
RQO\�WRROV�ZH�KDYH�WR�HYDOXDWH�FULWLFDOO\�WKHVH�K\SRWK��
HVHV��,I�ZH�DUH�VHULRXVO\�LQWHUHVWHG�LQ�WHVWLQJ�RXU�K\��
SRWKHVHV�LQ�OLJKW�RI�RXU�GDWD��ZH�VKRXOG�XVH�WRROV�DS��
SURSULDWH�WR�WKH�WDVN��

$&.12:/('*0(176�

7KLV�SDSHU�LV�EDVHG�RQ�D�WDON�GHOLYHUHG�LQ�D�V\PSRVLXP�RQ�
%D\HVLDQ�LQIHUHQFH�KHOG�GXULQJ�WKH������DQQXDO�PHHWLQJ�RI�
WKH�(FRORJLFDO�6RFLHW\�RI�$PHULFD��,�WKDQN�3KLOLS�'L[RQ��
(OL]DEHWK�)DUQVZRUWK��&UDLJ�6WRZ��DQG�DQ�DQRQ\PRXV�UH��
YLHZHU�IRU�FRQVWUXFWLYH�FULWLTXHV�RI�WKH�PDQXVFULSW��+DO�&D��
VZHOO��'RQ�(GZDUGV��DQG�%ULDQ�'HQQLV�IRU�LOOXPLQDWLQJ�GLV��
FXVVLRQ�GXULQJ�WKH�V\PSRVLXP��WKH�6WDWLVWLFDO�(FRORJ\�VHFWLRQ�
RI�WKH�(6$�IRU�VSRQVRULQJ�WKH�V\PSRVLXP��DQG�WKH�16)��JUDQW�
'(%�����������IRU�ILQDQFLDO�VXSSRUW��

/,7(5$785(� &,7('�

$OEHUW��-��+�� ������7HDFKLQJ�%D\HVLDQ�VWDWLVWLFV�XVLQJ�VDP��
SOLQJ�PHWKRGV�DQG�0,1,7$%�� $PHULFDQ�6WDWLVWLFLDQ�����
���������

$UQTYLVW��*���DQG�'��:RRVWHU��������0HWD�DQDO\VLV��V\QWKH��
VL]LQJ�UHVHDUFK�ILQGLQJV�LQ�HFRORJ\�DQG�HYROXWLRQ��7UHQGV�
LQ�(FRORJ\�DQG�(YROXWLRQ�������������

%D\HV��7�� ������$Q�HVVD\�WRZDUGV�VROYLQJ�D�SUREOHP�LQ�WKH�
GRFWULQH�RI�FKDQFHV��3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\��
DO�6RFLHW\�RI�/RQGRQ�������������

%HUJHU��-����� ������6WDWLVWLFDO�GHFLVLRQ�WKHRU\�DQG�%D\HVLDQ�
DQDO\VLV��6SULQJHU�9HUODJ��%HUOLQ��*HUPDQ\��

%HUJHU��-��2���DQG�'��$��%HUU\��������6WDWLVWLFDO�DQDO\VLV�DQG�
WKH�LOOXVLRQ�RI�REMHFWLYLW\��$PHULFDQ�6FLHQWLVW�������������

%HUJHU��-��2���DQG�0��'HODPSDG\��������7HVWLQJ�SUHFLVH�K\��
SRWKHVHV��ZLWK�FRPPHQWV�DQG�UHMRLQGHU���6WDWLVWLFDO�6FLHQFH�
�����������

%HUJHU��-��2���DQG�7��6HOONH�� ������7HVWLQJ�D�SRLQW�QXOO�K\��
SRWKHVLV��WKH�LUUHFRQFLODELOLW\�RI�3� YDOXHV�DQG�HYLGHQFH�
�ZLWK�FRPPHQWV�DQG�UHMRLQGHU���-RXUQDO�RI�WKH�$PHULFDQ�
6WDWLVWLFDO�$VVRFLDWLRQ�������������

%HUQDUGR��-��0���DQG�$��)�0��6PLWK��������%D\HVLDQ�WKHRU\��
-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��1HZ�<RUN��86$��

%RXUJHW��(���DQG�0��-��)RUWLQ��������$�FRPPHQWDU\�RQ�FXU��
UHQW�DSSURDFKHV�LQ�WKH�DTXDWLF�VFLHQFHV��+\GURELRORJLD�
��������������

%R[��*��(��3���DQG�*��&��7LDR�� ������%D\HVLDQ�LQIHUHQFH�LQ�
VWDWLVWLFDO�DQDO\VLV��$GGLVRQ�:HVOH\��5HDGLQJ��0DVVDFKX��
VHWWV��86$��

&DUSHQWHU��6��5�� ������ /DUJH�VFDOH�SHUWXUEDWLRQV��RSSRUWX��
QLWLHV�IRU�LQQRYDWLRQ��(FRORJ\���������������

&KHFKLOH��5��$���DQG�6�� &DUOLVOH��HGLWRUV�������� (QYLURQ��
PHQWDO�GHFLVLRQ�PDNLQJ��D�PXOWLGLVFLSOLQDU\�SHUVSHFWLYH��
9DQ�1RVWUDQG�5HLQKROG��1HZ�<RUN��1HZ�<RUN��86$��

&KHUQRII��+���DQG�/��(��0RVHV�� ������(OHPHQWDU\�GHFLVLRQ�
WKHRU\��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��1HZ�<RUN��86$��

&RRN��3���DQG�/�� '�� %URHPHOLQJ�������� %D\HVLDQ�VWDWLVWLFV�
XVLQJ�0DWKHPDWLFD��$PHULFDQ�6WDWLVWLFLDQ�����������

&R[��'��5���DQG�'��9��+LQNOH\��������7KHRUHWLFDO�VWDWLVWLFV��
&KDSPDQ�DQG�+DOO��/RQGRQ��8.��

'HHO\��-��-���DQG�:��-��=LPPHU�������� 6KRUWHU�FRQILGHQFH�
LQWHUYDOV�XVLQJ�SULRU�REVHUYDWLRQV��-RXUQDO�RI�WKH�$PHULFDQ�
6WDWLVWLFDO�$VVRFLDWLRQ�������������

'HPSVWHU��$��3���0�� 6FKDW]RII��DQG�1��:HUPXWK�������� $�
VLPXODWLRQ�VWXG\�RI�DOWHUQDWLYHV�WR�RUGLQDU\�OHDVW�VTXDUHV�
�ZLWK�FRPPHQWV�DQG�UHMRLQGHU���-RXUQDO�RI�WKH�$PHULFDQ�
6WDWLVWLFDO�$VVRFLDWLRQ������������

(IURQ��%�� ������&RQWURYHUVLHV�LQ�WKH�IRXQGDWLRQV�RI�VWDWLVWLFV��
$PHULFDQ�0DWKHPDWLFDO�0RQWKO\�������������

�� ������:K\�LVQ
W�HYHU\RQH�D�%D\HVLDQ"��ZLWK�FRP��
PHQWV�DQG�UHSO\���$PHULFDQ�6WDWLVWLFLDQ����������

(OWRQ��&��6�� ������$QLPDO�HFRORJ\��0DFPLOODQ��1HZ�<RUN��
1HZ�<RUN��86$��

)HUJXVRQ��7��6�� ������ $�%D\HVLDQ�DQDO\VLV�RI�VRPH�QRQ��
SDUDPHWULF�SUREOHPV��$QQDOV�RI�6WDWLVWLFV������������

*HLVVHU��6�� ������ 3UHGLFWLYH�LQIHUHQFH��DQ� LQWURGXFWLRQ��
&KDSPDQ�DQG�+DOO��1HZ�<RUN��1HZ�<RUN��86$��

*HOPDQ��$���-��%��&DUOLQ��+��6��6WHUQ��DQG�'��%��5XELQ��������
%D\HVLDQ�GDWD�DQDO\VLV��&KDSPDQ�DQG�+DOO��/RQGRQ��8.��

*RRG��,��-��������7KH�HVWLPDWLRQ�RI�SUREDELOLWLHV��DQ�HVVD\�
RQ�PRGHUQ�%D\HVLDQ�PHWKRGV��0�,�7��3UHVV��&DPEULGJH��
0DVVDFKXVHWWV��86$��

*XUHYLWFK��-���DQG�/��9��+HGJHV�� ������0HWD�DQDO\VLV��FRP��
ELQLQJ�WKH�UHVXOWV�RI�LQGHSHQGHQW�H[SHULPHQWV��3DJHV������
���� LQ�6��0�� 6FKHLQHU�DQG�-��*XUHYLWFK��HGLWRUV��'HVLJQ�
DQG�DQDO\VLV�RI�HFRORJLFDO�H[SHULPHQWV��&KDSPDQ�DQG�+DOO��
1HZ�<RUN��1HZ�<RUN��86$��

*XUHYLWFK��-���/��0RUURZ��$��:DOODFH��DQG�-��:DOVK�� ������
7KH�PHWD�DQDO\VLV�RI�FRPSHWLWLRQ�LQ�ILHOG�H[SHULPHQWV��
$PHULFDQ�1DWXUDOLVW��������������

*XVWDIVRQ��/���DQG�:��)UDQNOLQ��������3UHGLFWRUV�RI�QHRQDWDO�
PRUWDOLW\�LQ�WKH�JXDQDFRV��/DPD�JXDQDFR�� RI�7RUUHV�GHO�
3DLQH��&KLOH��D�SLORW�VWXG\�LQ�DGDSWLYH�PRGHOLQJ�RI�ZLOGOLIH�
SRSXODWLRQ�KHDOWK��3DJHV���������LQ�7��%��+HUPDQ��6��%RQ��
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1RYHPEHU������ ,1752'8&7,21� 72�%$<(6,$1� ,1)(5(1&(� �����

GUXS�1LHOVRQ��-��+��0��:LOOLVRQ��DQG�1��3��0XQUR��HGLWRUV��
(FRV\VWHP�PRQLWRULQJ�DQG�SURWHFWHG�DUHDV��6FLHQFH� DQG�
0DQDJHPHQW�RI�3URWHFWHG�$UHDV�$VVRFLDWLRQ��:ROIYLOOH��
1RYD�6FRWLD��&DQDGD��

+DOSHUQ��(��)��������3RO\QRPLDO�UHJUHVVLRQ�IURP�D�%D\HVLDQ�
DSSURDFK��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
������������

+DUWLJDQ��-��$�� ������/LQHDU�%D\HVLDQ�PHWKRGV��-RXUQDO�RI�
WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%�������������

+RDGOH\��%�� ������ $�%D\HVLDQ�ORRN�DW�LQYHUVH�OLQHDU�UH��
JUHVVLRQ��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
������������

+ROOLQJ��&�� 6��� HGLWRU�������� $GDSWLYH�HQYLURQPHQWDO�DV��
VHVVPHQW�DQG�PDQDJHPHQW��-RKQ�:LOH\�DQG�6RQV��&KLFK��
HVWHU��8.��

+RZVRQ��&���DQG�3��8UEDFK�� ������ %D\HVLDQ�UHDVRQLQJ�LQ�
VFLHQFH��1DWXUH��������������

+XHQQHNH��/��)� ������,QYROYLQJ�DFDGHPLF�VFLHQWLVWV�LQ�FRQ��
VHUYDWLRQ�UHVHDUFK��SHUVSHFWLYHV�RI�D�SODQW�HFRORJLVW��(FR��
ORJLFDO�$SSOLFDWLRQV������������

+XUOEHUW��6��+�� ������ 3VHXGRUHSOLFDWLRQ�DQG�WKH�GHVLJQ�RI�
HFRORJLFDO�ILHOG�H[SHULPHQWV��(FRORJLFDO�0RQRJUDSKV�����
���������

,YHUVHQ��*��5�� ������ %D\HVLDQ�VWDWLVWLFDO�LQIHUHQFH��6DJH��
%HYHUO\�+LOOV��&DOLIRUQLD��86$��

-HIIUH\V��+�� ������ 6FLHQWLILF�LQIHUHQFH��&DPEULGJH�8QLYHU��
VLW\�3UHVV��&DPEULGJH��8.��

�� ������7KHRU\�RI�SUREDELOLW\��7KLUG�HGLWLRQ��2[IRUG��
8QLYHUVLW\�3UHVV��2[IRUG��8.��

-RKQVRQ��-��*�� ������0HWKRG�RI�PXOWLSOH�ZRUNLQJ�K\SRWK��
HVHV��D�FKLPHUD��*HRORJ\�����������

.DVV��5��(���DQG�$��(��5DIWHU\��������%D\HV�IDFWRUV��-RXUQDO�
RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�������������

.LQJVODQG��6�� (�� ������ 0RGHOLQJ�QDWXUH��HSLVRGHV�LQ�WKH�
KLVWRU\�RI�SRSXODWLRQ�HFRORJ\��8QLYHUVLW\�RI�&KLFDJR�3UHVV��
&KLFDJR��,OOLQRLV��86$��

/HH��.��1�� ������&RPSDVV�DQG�J\URVFRSH��LQWHJUDWLQJ�VFL��
HQFH�DQG�SROLWLFV�IRU�WKH�HQYLURQPHQW��,VODQG�3UHVV��:DVK��
LQJWRQ��'&��86$��

/HRQDUG��7�� ������'HQVLW\�HVWLPDWLRQ��VWRFKDVWLF�SURFHVVHV�
DQG�SULRU�LQIRUPDWLRQ��ZLWK�GLVFXVVLRQ���-RXUQDO�RI�WKH�5R\��
DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%�������������

/HZRQWLQ��5��&�� ������7KH�DQDO\VLV�RI�YDULDQFH�DQG�WKH�DQDO��
\VLV�RI�FDXVHV��$PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV�����
���������

�� ������ )DFWV�DQG�WKH�IDFWLWLRXV�LQ�QDWXUDO�VFLHQFHV��
&ULWLFDO�,QTXLU\�������������

/LQGOH\��'��9�� ������$�VWDWLVWLFDO�SDUDGR[��%LRPHWULND�����
���������

��������0DNLQJ�GHFLVLRQV��-RKQ�:LOH\�DQG�6RQV��/RQ��
GRQ��8.��

�� ������ %D\HVLDQ� VWDWLVWLFV��D� UHYLHZ��&RQIHUHQFH�
%RDUG�RI�WKH�0DWKHPDWLFDO�6FLHQFHV�1DWLRQDO� 6FLHQFH�
)RXQGDWLRQ�5HJLRQDO�&RQIHUHQFH�6HULHV�LQ�$SSOLHG�0DWK��
HPDWLFV��1XPEHU���� 6RFLHW\�IRU�,QGXVWULDO�DQG�$SSOLHG�
0DWKHPDWLFV��3KLODGHOSKLD��3HQQV\OYDQLD��86$��

/LQGOH\��'��9���DQG�$��)�0��6PLWK��������%D\HV�HVWLPDWHV�
IRU�WKH�OLQHDU�PRGHO��ZLWK�GLVFXVVLRQ���-RXUQDO�RI�WKH�5R\DO�
6WDWLVWLFDO�6RFLHW\��6HULHV�%����������

/XEFKHQFR��-���$��0��2OVRQ��/��%��%UXEDNHU��6��5��&DUSHQWHU��
0��0��+ROODQG��6��3��+XEEHOO��6��$��/HYLQ��-��$��0DF0DKRQ��
3��$��0DWVRQ��-��0��0HOLOOR��+��$��0RRQH\��&��+��3HWHUVRQ��
+��5��3XOOLDP��/��$��5HDO��3��-��5HJDO��DQG�3��*��5LVVHU��
������7KH�VXVWDLQDEOH�ELRVSKHUH�LQLWLDWLYH��DQ�HFRORJLFDO�
UHVHDUFK�DJHQGD��(FRORJ\�������������

/XGZLJ��'�� ������ 8QFHUWDLQW\�DQG�WKH�DVVHVVPHQW�RI�H[��
WLQFWLRQ�SRVVLELOLWLHV��(FRORJLFDO� $SSOLFDWLRQV���������
������

/XGZLJ��'���5��+LOERUQ��DQG�&��:DOWHUV��������8QFHUWDLQW\��

UHVRXUFH�H[SORLWDWLRQ��DQG�FRQVHUYDWLRQ��OHVVRQV�IURP�KLV��
WRU\��6FLHQFH�������������

0DSVWRQH��%��'�� ������6FDODEOH�GHFLVLRQ�UXOHV�IRU�HQYLURQ��
PHQWDO�LPSDFW�VWXGLHV��HIIHFW�VL]H��7\SH�,��DQG�7\SH�,,�HU��
URUV��(FRORJLFDO�$SSOLFDWLRQV������������

0F&XOODJK��3���DQG�-��$��1HOGHU�������� *HQHUDOL]HG�OLQHDU�
PRGHOV��6HFRQG�HGLWLRQ��&KDSPDQ�DQG�+DOO��/RQGRQ��8.��

0F,QWRVK��5��3��������7KH�EDFNJURXQG�RI�HFRORJ\��FRQFHSW�
DQG�WKHRU\��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��8.��

1LFKROVRQ��0���DQG�-��%DUU\�������� ,QIHUHQFHV�IURP�VSDWLDO�
VXUYH\V�DERXW�WKH�SUHVHQFH�RI�DQ�XQREVHUYHG�VSHFLHV��2LNRV�
����������

2ULDQV��*��+���-��%XFNOH\��:��&ODUN��0��*LOSLQ��&��-RUGDQ��-��
/HKPDQ��5��0D\��*��5RELOOLDUG��'�� 6LPEHUORII��:��(UFK��
PDQQ��'��3ROLFDQVN\��DQG�1��*URVVEODWW��������(FRORJLFDO�
NQRZOHGJH�DQG�HQYLURQPHQWDO�SUREOHP�VROYLQJ��1DWLRQDO�
$FDGHP\�3UHVV��:DVKLQJWRQ��'�&���86$��

3HWHUPDQ��5��0�� ������7KH�LPSRUWDQFH�RI�UHSRUWLQJ�VWDWLV��
WLFDO�SRZHU��WKH�IRUHVW�GHFOLQH�DQG�DFLGLF�GHSRVLWLRQ�H[��
DPSOH��(FRORJ\���������������

3HWHUV��5��+�� ������$�FULWLTXH�IRU�HFRORJ\��&DPEULGJH�8QL��
YHUVLW\�3UHVV��&DPEULGJH��8.��

3LDQND��(��5�� ������(YROXWLRQDU\�HFRORJ\��+DUSHU�&ROOLQV��
1HZ�<RUN��1HZ�<RUN��86$��

3ROH��$���0��:HVW��DQG�-��+DUULVRQ��������$SSOLHG�%D\HVLDQ�
IRUHFDVWLQJ�DQG�WLPH�VHULHV�DQDO\VLV��&KDSPDQ�DQG�+DOO��
1HZ�<RUN��1HZ�<RUN��86$��

3RSSHU��.��5�� ������7KH�ORJLF�RI�VFLHQWLILF�GLVFRYHU\��+DUSHU�
DQG�5RZ��1HZ�<RUN��1HZ�<RUN��86$��

5DIWHU\��$��(�� ������%D\HVLDQ�PRGHO�VHOHFWLRQ�LQ�VRFLDO�UH��
VHDUFK��3DJHV���������LQ�3��9��0DUVGHQ��HGLWRU��6RFLRORJ��
LFDO�PHWKRGRORJ\�������%ODFNZHOO�6FLHQWLILF��2[IRUG��8.��

5DIWHU\��$��(���*��+��*LYHQV��DQG�-��(��=HK�� ������,QIHUHQFH�
IURP�D�GHWHUPLQLVWLF�SRSXODWLRQ�G\QDPLFV�PRGHO�IRU�ERZ��
KHDG�ZKDOHV��ZLWK�FRPPHQWV�DQG�UHMRLQGHU���-RXUQDO�RI�WKH�
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�������������

5HFNKRZ��.��+�� ������%D\HVLDQ�LQIHUHQFH�LQ�QRQ�UHSOLFDWHG�
HFRORJLFDO�VWXGLHV��(FRORJ\���������������

5RELQVRQ��*��.�� ������6RPH�FRXQWHUH[DPSOHV�WR�WKH�WKHRU\�
RI�FRQILGHQFH�LQWHUYDOV��%LRPHWULND�������������

5RKOI��)�-���DQG�5��5��6RNDO�� ������6WDWLVWLFDO�WDEOHV��7KLUG�
HGLWLRQ��:��+��)UHHPDQ��1HZ�<RUN��1HZ�<RUN��86$��

6KUDGHU�)UHFKHWWH��.��6���DQG�(��'��0F&R\�� ������6WDWLVWLFV��
FRVWV�DQG�UDWLRQDOLW\�LQ�HFRORJLFDO� LQIHUHQFH��7UHQGV�LQ�
(FRORJ\�DQG�(YROXWLRQ����������

6KUDGHU�)UHFKHWWH��.��6���DQG�(��'��0F&R\�� ������0HWKRG�
LQ�HFRORJ\��VWUDWHJLHV�IRU�FRQVHUYDWLRQ��&DPEULGJH�8QL��
YHUVLW\�3UHVV��&DPEULGJH��8.��

6LPEHUORII��'�� ������$�VXFFHVVLRQ�RI�SDUDGLJPV�LQ�HFRORJ\��
HVVHQWLDOLVP�WR�PDWHULDOLVP�DQG�SUREDELOLVP��6\QWKHVH�����
������

6PLWK��$��)�0���DQG�$��(��*HOIDQG��������%D\HVLDQ�VWDWLVWLFV�
ZLWKRXW�WHDUV��D�VDPSOLQJ�UHVDPSOLQJ�SHUVSHFWLYH��$PHU��
LFDQ�6WDWLVWLFLDQ�����������

6PLWK��-��4�� ������'HFLVLRQ�DQDO\VLV��D�%D\HVLDQ�DSSURDFK��
&KDSPDQ�DQG�+DOO��/RQGRQ��8.��

6RNDO��5��5���DQG�)�-��5RKOI��������%LRPHWU\��7KLUG�HGLWLRQ��
:��+��)UHHPDQ��1HZ�<RUN��1HZ�<RUN��86$��

6RORZ��$��5�� ������2Q�WKH�%D\HVLDQ�HVWLPDWLRQ�RI�WKH�QXPEHU�
RI�VSHFLHV�LQ�D�FRPPXQLW\��(FRORJ\���������������

6SDOO��-��&���HGLWRU�������� %D\HVLDQ�DQDO\VLV�RI�WLPH�VHULHV�
DQG�G\QDPLF�PRGHOV��0DUFHO�'HNNHU��1HZ�<RUN��1HZ�<RUN��
86$��

6WHUOLQJ��7��'���:��/��5RVHQEDXP��DQG�-��-��:HLQNDP��������
3XEOLFDWLRQ�GHFLVLRQV�UHYLVLWHG��WKH�HIIHFW�RI�WKH�RXWFRPH�
RI�VWDWLVWLFDO�WHVWV�RQ�WKH�GHFLVLRQ�WR�SXEOLVK�DQG�YLFH�YHUVD��
$PHULFDQ�6WDWLVWLFLDQ�������������

6WURQJ��'��5���-U��������1XOO�K\SRWKHVHV�LQ�HFRORJ\��6\QWKHVH�
������������

7D\ORU��%��/���3��5��:DGH��5��$��6WHKQ��DQG�-��)�&RFKUDQH��
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����� $$521�0��(//,621� (FRORJLFDO�$SSOLFDWLRQV�
9RO�����1R����

������ $�%D\HVLDQ�DSSURDFK�WR�FODVVLILFDWLRQ�FULWHULD�IRU�
6SHFWDFOHG�(LGHUV��(FRORJLFDO�$SSOLFDWLRQV��������������

8QGHUZRRG��$��-�������� (FRORJLFDO�UHVHDUFK�DQG��DQG�UH��
VHDUFK�LQWR��HQYLURQPHQWDO�PDQDJHPHQW��(FRORJLFDO�$S��
SOLFDWLRQV������������

9HU�+RHI��-��0�� ������3DUDPHWULF�HPSLULFDO�%D\HV�PHWKRGV�
IRU�HFRORJLFDO� DSSOLFDWLRQV��(FRORJLFDO� $SSOLFDWLRQV����
�����������

9LWRXVHN��3��0�� ������%H\RQG�JOREDO�ZDUPLQJ��HFRORJ\�DQG�
JOREDO�FKDQJH��(FRORJ\���������������

:DOOHU��5��$���DQG�'��%��'XQFDQ��������$�%D\HV�UXOH�IRU�WKH�
V\PPHWULF�PXOWLSOH�FRPSDULVRQV�SUREOHP��-RXUQDO�RI�WKH�
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ���������������

:DOWHUV��&��-���DQG�&�� 6��+ROOLQJ�� ������ /DUJH�VFDOH�PDQ��
DJHPHQW�H[SHULPHQWV�DQG�OHDUQLQJ�E\�GRLQJ��(FRORJ\�����
�����������

:DUZLFN��5��0���DQG�.��5��&ODUNH�� ������ &RPSDULQJ�WKH�
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